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Abstract 
Systematics of the pomacanthids has been briefly revised in this report. Such a 
revision encompassed all the currently known pomacanthid species, though meristic 
information on Centropyge argi Woods and Kanazawa and Holacanthus africanus 
Cadenat is unavailable. 
This research represents the first published report on pomacanthid age and growth. 
A typical pomacanthid, Pomacanthus imperator (Bloch) was found to be slow 
growing, with the von Bertalanffy parameters L ,^= 40.89，W«,= 2782.7, K=0.073, and 
to= -0.79 respectively. In other words, the asymptotic length and asymptotic body 
weight of the species is found to be 41 cm and 2.8 kg respectively. From the sex-size 
， relationship of the species, it is highly possible that Pomacanthus imperator (Bloch) 
V 
is a protogynous hermaphrodite, which conforms with the general characteristic of the 
*^i 
— family. 
Genetic analysis of pomacanthid genera through starch gel electrophoresis has 
been conducted. This research further supports the power of starch gel electrophoresis 
'»t._ 
in elucidating problems in piscine phylogeny at the generic to family level. A total of 
23 loci were scored from the 14 enzymes investigated. Among the 21 pomacanthid 
species studied, genetic distances of Nei (D) ranged from 0.01 to 0.05 between 
allopatric populations of the same species; the average value of D among subgenera 
and genera is 0.52 and 1.25 respectively. The phenetic relationships obtained by 
clustering of genetic distance data largely coincide with the current systematics of the 
i 
pomacanthids. The controversy on generic status of Centropyge multifasciatus (Smith 
and Radcliffe) and Holacanthus venustus Yasuda and Tominaga was resolved. The 
generic position of Apolemichthys arcuatus (Gray) as a member of the genus 
Apolemichthys Fraser-Brunner was also confirmed. From the phenetic relationships 
special note is given to several genera which are crucial in establishing pomacanthid 
phylogeny. These include the genera Chaetodontoplus Bleeker，Pygoplites Fraser-
Brunner, and Genicanthus Swainson. Pygoplites diacanthus Boddaert, the only 
member of the genus, was found to be biochemically close to members of the 
subgenus Pomacanthus (genus Pomacanthus Lacepede), and to members of the genus 
Holacanthus Lacepede. As judged from the morphological and electrophoretical 
differences of the Genicanthus species with members of the family, the genus is 
suggested to deserve the status of a sub-family on its own. The genus 
Chaetodontoplus Bleeker should represent a crucial point in deriving the phylogenetic 
relationship between the current subfamilies, and tentatively, with the third putative 
subfamily containing the genus Genicanthus Swainson. 
ii 
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CHAPTER 1 
Introduction: General Biology ofthe Pomacanthidae 
1.1 Introduction 
i 
The family Pomacanthidae is a teleost group containing about 82 species that 
f . 
inhabit tropical coral reefs around the world. Members of the family are well known 
I for their dazzling color patterns, which in some species may change dramatically from 
juvenile to adulthood. The most outstanding characteristic of the pomacanthids or 
angelfishes is their strongly developed preopercular spine at the comer of the 
preopercle bone, a feature which is absent in other teleost families. In fact this feature 
is well described by their family name, which means "projecting thom" in Latin. In 
some species the preopercle, interoperde, and preorbital also possess some small 
[ spines (Fraser-Brunner, 1933，1945; Burgess, 1974a; Shen and Liu, 1979). 
The pomacanthid species varies in body size, shape, coloration as well as in 
i habitat and feeding. Generally speaking, the body of pomacanthids are deep and round 
in profile, laterally strongly compressed; and covered with small ctenoid scales 
extending to the median fins. Their dorsal fins are continuous and unnotched; and 
their mouth is usually small with brush-like teeth (Allen, 1979). 
1.2 Zoo-geographical Description ofthe Pomacanthids 
The pomacanthids can be zoo-geographically subdivided into the following regions 
of the three major oceans to facilitate understanding and classifying of the 
pomacanthid species: 
a. Westem Pacific Ocean: from Japan southwards to Taiwan, Philippines, Micronesia, 
Melanesia, and the Great Barrier Reef. 
b. Central Pacific Ocean: includes the Hawaiian Island groups, the Fiji Islands, Tahiti, 
Somoa Islands, Society Islands, Pitcaim Islands, Cook Islands and the Tuamotu 
Islands in the southern Pacific. 
c. Eastem Pacific Ocean: from California southwards to Panama, Galapagos Islands 
and Ecuador. 
1 
d. Westem Atlantic Ocean: includes the Bahamas, Gulf of Mexico, Clipperton Islands 
and Caribbean Sea, 
e. Central Atlantic Ocean: includes the Ascension Island and St. Helena Islands off 
Africa. 
f. Eastem Atlantic Ocean: off the westem coast of tropical Africa, includes the Cape 
Verde Islands, Canarias Islands and southwards to GulfofGuinea. 
I 
1 g. Indian Ocean: From Red Sea along the eastem coast of Africa southwards to the 
Maldives, Seychelles, Zanzibar, Mauritius and Madagascar. Eastward to Sri Lanka 
I (Liu，1977; Steene, 1977; Allen, 1979; Myers, 1989). 
I Despite the world-wide distribution of the family, over 80% of the pomacanthids 
\ 
inhabit Uie Indo-Pacific region, where they usually occur as solitary individuals or in 
small groups. About 40 pomacanthid species can be found in the far westem edge of 
Pacific Ocean alone. Among the most speciose countries, Australia rank first in 
having 23 pomacanthid species. New Guinea contains 22 species, Indonesia contains 
21 species, Taiwan contains 20 species, while the Philippines contains 19 species 
(Allen, 1979). 
Among the pomacanthids species that inhabit westem Pacific Ocean, the majority 
of the species have rather restricted ranges that covers only a small portion of this 
region. However, six of the species are widely distributed and range over most of the 
westem Pacific westward to the coast of East Africa, namely Apolemichthys 
trimaculatus (Lacepede), Centropyge bispinosus (GUnther), Genicanthus lamarck 
(Lacepede), Pomacanthus imperator (Bloch), P. semicirculatus (Cuvier), and 
Pygoplites diacanthus (Boddaert) (Steene, 1977; Allen, 1979). The central Pacific 
region is less-speciose and with only twenty-six species, while there are only five 
species in the eastem Pacific {Centropyge hotumatua Randall and Cladwell, 
Holacanthus clarionensis Gilbert, H. limbaughi Baldwin, H. passer Valenciennes, 
and Pomacanthus zonipectus (Gill)) (Jordan and Fowler, 1902; Smith, 1955; Woods, 
1970; Lobel, 1975; Randall, 1975; Allen, 1979; Miller, 1985; Toyama, 1988). 
The range of21 pomacanthid species covers parts of the Indian Ocean, including 
two species which are restricted to the Red Sea and Gulf of Aden (Apolemichthys 
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xanthotis Fraser-Brunner and Pomacanthus asfur (ForsskM). Interestingly it is found 
that the area at the eastem edge of the Indian Ocean, including westem Australia, 
Christmas Island (Indian Ocean), and the Cocos-Keeling group, are actually part of 
the westem Pacific faunal group (Allen, 1979). 
The Atlantic Ocean is least speciose among the oceans, with only eleven species 
inhabiting the region. The distribution pattem of the family, however, is similar to that 
of the Pacific Ocean, all species except Apolemichthys kingi Heemstra, Holacanthus 
africanus Cadenat and Centropyge resplendens Lubbock and Sankey are mainly 
distributed over the westem portion (Allen, 1979; Heemstra, 1984). 
In contrast to some pomacanthid species that are widely distributed, several 
pomacanthid species have extremely limited ranges which are confined to individual 
islands or island groups: Apolemichthys guezei (Randall) (Reunion), Centropyge 
boylei Pyle and Randall (Cook Islands), Centropyge colini Smith-Vaniz and Randall 
(Cocos-Keeling Islands), Centropyge nahackyi Kosaki (Johnson Atoll and Cook 
Islands), Centropyge narcosis Pyle and Randall (Cook Islands), Centropyge 
I resplendens Lubbock and Sankey (Ascension Island), Chaetodontoplus ballinae 
• Whitley (Lord Howe Island), Genicanthus semicinctus (Waite) (Lord Howe Island), 
I Genicanthus spinus Randall (Pitcaim Islands), and Holacanthus limbaughi Baldwin 
I(Clipperton Island) (Steene, 1977; Allen, 1979，Kosaki, 1989; Pyle, 1992a, 1993; Pyle and Randall, 1993; Parker, 1994). 
The number of species and genera inhabiting the geographical regions discussed 
above is summarized in Table 1.1. The geographical distribution of individual 
pomacanthid species are summarized and tabulated in appendix A as a reference. 
1.3 Habitat of the Pomacanthids 
, : ^ -
The pomacanthids are highly adapted to live in coral reefs, most of them are found 
around shelters in the form of boulders, caves, and coral crevices. Their stream-lined 
and highly laterally compressed body render them free access to coral crevices and 
fissures; where they can hide from predators and intra-speciflc aggression. In contrast, 
they are seldom seen over vast sandy stretches or other areas of low relief. Some of 
the species inhabit relatively shallow water (from two to three meters down to fifteen 
3 
^ 
Table 1.1. Zoo-geographical Distribution ofthe Pomacanthids. 
Geological Region Number of Genera Number of species 
Eastern Pacific Ocean 3 5 
Westem Pacific Ocean 7 40 
Central Pacific Ocean 5 26 
Eastem Atlantic Ocean 3 3 
Westem Atlantic Ocean 3 7 
Central Atlantic Ocean 1 1 
Indian Ocean 5 25 
The number of genera and species inhabiting the geographical regions discussed 
above is given in the respective columns. The species that are restricted to island 
groups are also included in the geographical region concerned. 
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meters) with a temperature of 25-28 °C (Steene, 1977). However, some pomacanthids 
are restricted to rather deep water of fifty meters or deeper (Allen, 1979; Pyle, 1992a; 
‘ Pyle and Randall, 1993). 
1.4 Feeding Habits in the Pomacanthidae 
As a group of diverse and vastly distributed teleost, research in the feeding habits 
of the pomacanthids have been scattered. With limited information available, the 
pomacanthids are suggested to manifest diverse feeding habits and several modes of 
feeding have been reported (Hiatt and Strasburg, 1960; Randall and Hartman, 1968; 
Feddem, 1968a; Moyer and Nakazono, 1978). Typically, most members of the family 
are somewhat territorial and spend most of the time near the bottom in search for food 
(Allen, 1979). Feeding habit may be related to body size and habit of the specific 
species concerned. Three basic types of feeding is identified in the family: algal 
feeding, sponge feeding, and plankton feeding. 
For the smaller sized members of the group, the main feed is exclusively algae. 
Hiatt and Strasburg (1960) reported that Centropyge flavissimus (Cuvier) feeds 
mainly on algae. Miller (1985) also described the algae feeding habit of Centropyge 
argi Woods and Kanazawa. It is apparent that the Centropyge species are algae 
feeders. Solitary species with larger body size such as the Pomacanthus were reported 
to feed mainly on sponges supplemented by algae and small amounts of zoantharians, 
tunicates, gorgonians, various types of eggs, and hydroids (Randall and Hartman, 
1968; McKinstry, 1991). The Genicanthus species, on the other hand, are aggregate 
forming open water swimmers and were reported to be planktivores. Their major diet 
include planktonic organisms such as pelagic tunicates and supplemented by benthic 
organisms such as bryozoans, polychaetes, tunicates, and algae (Allen, 1979). 
There are, however, other modes of feeding being reported; Moyer and Nakazono 
(1978) reported that the Japanese species, Centropyge interruptus (Tanaka) feeds 
substantially on the faeces of plankton feeding damselfishes (Pomacentridae) and 
fairy basslets (Serranidae). Besides, the juvenile of several Pomacanthus and 
Holacanthus species have been reported to act as cleaners of other fish by picking the 
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external parasites from their hosts (Kerstitch, 1977; Thresher, 1979; Russo, 1988). It 
was also suggested by Thresher (1979) that the juvenile of Holacanthus tricolor 
(Bloch) may be mucophagous (i.e. feeding on the nutritious mucus oflarge fish). 
1.5 Reproductive Biology ofPomacanthidae 
： Although the pomacanthids are prominent coral reef fishes, yet as late as 1975 
virtually nothing is known about their social structure and reproductive behavior 
(Burgess and Axelord, 1972; Ehrlich, 1975); most of the information available, 
however, are the description of the species and taxonomy of the group. References on 
the reproductive biology of the pomacanthids, on the other hand, have been scarce and 
fragmented, and in general, the larger the size of a species, the lesser is known about 
its reproduction (Thresher, 1982). Breder and Rosen (1966), for example, could site 
only a single pair of references (Straughan, 1959a，b), both of which dealt with a 
^ vague description of the spawning of Pomacanthus paru (Bloch) in captivity. Such a 
i spawning behavior, however, was later considered to be artifacts (Thresher, 1982). 
: Within the last two decades, however, considerable and often detailed information 
has become available on the spawning of some of the pomacanthids (Moyer and 
Nakazono, 1978; Munro et al., 1973; Neudecker and Lobel, 1982; Thresher, 1982). 
B'i 
: The recent information on the breeding of pomacanthids, however, is involved mainly 
_ with their social structure and reproductive behavior in natural habitat rather than in 
captivity. 
1.5.1 Social Organization ofthe Pomacanthids 
Pomacanthids of smaller body sizes such as the Genicanthus and Centropyge 
species were reported to perform protogynous hermaphroditism, harem formation and 
sexual dichromatism (Moyer and Nakazono, 1978; Bauer and Bauer, 1981; 
Aldenhoven, 1986) . The social systems of several Centropyge species, Genicanthus 
lamarck (Lacepede), Pomacanthus arcuatus (Linnaeus), Holacanthus ciliaris 
(Linnaeus) and Holacanthus tricolor (Bloch) have been described (Moyer et al., 1983; 
Aldenhoven, 1984，1986; Moyer, 1984, 1987; Hourigan and Kelley, 1985), however, 
that of most other species are poorly understood. 
6 
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Moyer and Nakazono (1978) reported the reproductive habits of Centropyge 
interruptus (Tanaka), a species which occurs in harems containing a single dominant 
male and one to four females. The species exhibit a hierarchical system of dominance; 
the harem size is governed by the nature of the substratum: the largest harems are 
found in areas of greatest protection such as cavems and ledges; while boulder 
habitats which offered minimal protection are usually occupied by nonpermanent 
pairs. If the male is experimentally removed from the harem, the highest ranked 
female will gradually change to the male sex in a period of two to three weeks. This 
process involves transformation of ovarian tissue into functional testes accompanied 
by changes in body coloration. Similar sex changes in Genicanthus semifasciatus 
(Kamohara) have been witnessed by Shen and Liu (1976). Little is known concerning 
the physiological mechanism regulating sex change. 
The Genicanthus species, however, are socially organized in a different way from 
the Centropyge species. Genicanthus lamarck (Lacepede), G. semifasciatus 
(Kamohara), and G. caudovittatus (Gunther) were reported to form multi-male social 
groups (Moyer, 1984); and such a social organization has been inferred to be related 
to the planktivorous habit of the genus. Genicanthus melanospilos (Bleeker), 
however, was reported to form male-female pair with bachelor males, probably as a 
result of smaller body size and a greater dependence upon the substratum for shelter 
(Moyer, 1987). 
The Holacanthus species, which is known to be monomorphic and perform 
monogamous mating (Feddem, 1968b), has been suggested to be protogynous and 
monandric ^^eudecker and Lobel, 1982; Moyer et aL, 1983; Hourigan and Kelley, 
1985). Hourigan and Kelley (1985) reported that males of Holacanthus tricolor 
(Bloch) spawn with several females, and after examining 42 specimens an average 
size-dimorphism (mean standard length of male: mean standard length of female) of 
1.44 was obtained. This was also supported by Moyer et al. (1983) who observed 
polygynous spawning and apparent harems in Holacanthus tricolor (Bloch). Such a 
mode of reproduction was proved histologically by Hourigan and Kelley (1985); in 
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most Holacanthus tricolor (Bloch) specimens examined, the vas deferens was the 
only feature showing evidence of secondary derivation. 
The social system ofHolacanthus tricolor (Bloch), as described by Hourigan and 
j Kelley (1985), was different from that of Genicanthus and Centropyge species 
i 
reported. Unlike harems of Genicanthus and Centropyge species, in which the females 
within a harem mingled freely, it was observed that the range of some females 
overlapped completely, while those of others were separate. The males were reported 
2 _ • 
to defend large territories (mean home range area = 1053 m ) against conspecific 
f males. The home range of each male encompassed the home ranges of 2-4 mature 
females (mean home range area = 354 m^). Home range in females overlap only when 
there was a size difference (average difference in size = 15%), females with 
overlapping home ranges feed in close proximity (< 1 m apart) without agonism. 
^ The westem Atlantic species Holacanthus ciliaris (Linnaeus), as described by 
Moyer et aL (1983)，has a similar social organization like that of Holacanthus tricolor 
(Bloch). Each harem typically consists of one male and 2-4 females, while individual 
female feeds solitarily during midday at widely separated locations within the large 
territory of the male. The male moves regularly from female to female, initially 
rushing and circling each female, and then remains feeding with each female for 2-5 
minutes. Such a social organization, however, is not unique within the genus. Based 
on tagged individuals. Strand (1978) reported that males and females of Holacanthus 
passer Valenciennes differ significantly in general behavior and home range size over 
most of the species' range, which covers central eastem Pacific from the Galapagos to 
the Sea of Cortez (Allen, 1979). At the northern limits of its range, the fish are found 
in long-term, heterosexual pairs. Further south, however, females are generally 
solitary and are territorial against other females. Males, on the other hand, in groups 
of up to 100 individuals, roam over large, undefended home ranges that overlapped 
with the ranges of a number of females. Holacanthus clarionensis Gilbert, a closely 
related species which found as large foraging groups in the southern portion ofthe Sea 
of Cortez (Thomson et al., 1979), was suspected to be organized socially similar to 
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that of Holacanthus passer Valenciennes, though courtship and spawning in this 
species have not been observed (Moyer et aL, 1983). 
The social organization of Pomacanthus arcuatus (Linnaeus) at San Blas 
Peninsula, Panama was reported by Moyer et al (1983). While usually observed in 
pairs or solitary existence in most areas (Bohkle and Chaplin, 1968)，the species is 
abundant in Sans Blas Peninsula and appears to be polygynous. As many as 14 
individuals were observed in a single group in an area of 5000 m .^ The assemblage 
contained up to 5 apparent males and 9 apparent females. Individuals move in and out 
freely ofthe group so either the number of individuals or the ratio between male and 
female varies. There was no evidence of overt territoriality when a single individual 
joined a pair or triple, though there occurs an initial period of low intensity 
interactions, a similar social organization was also reported by Perrine (1988). On the 
other hand, the closely related species Pomacanthus paru (Bloch), was reported to be 
monogamous (Robins, 1971; Moyer et al., 1983). Pairs are strongly territorial, both 
members vigorously defending their territories against neighboring pairs. In those 
territories which are large with some overlapping (three pairs occupying an area of 
15000 m^ at Gulf of San Blas), agonistic confrontations between neighboring pairs are 
common. 
Pomacanthus zonipectus (Gill), a species which inhabits tropical eastem Pacific 
from the Gulf of California southward to Columbia (Allen, 1979), was reported to 
manifest several social modes. While juvenile of the species are agonistic to each 
other (Allen, 1979), the adults were reported to be site-attached, usually occurring in 
pairs and apparently non-territorial (Strand, 1978). Moyer et al. (1983) reported that 
the species was more often seen as solitary individuals, pairs were found only in 
moderately dense areas; where small groups, from triplet up to 12 individuals were 
regularly seen. 
Moyer (1990) reported the social organization of Chaetodontoplus mesoleucus 
(Bloch) at Bantayan Island, Philippines. The species was observed to form harems of 
one single territorial male and 1-2 females, with the sex ratio slightly skewed towards 
females. As males are always larger than and dominant over females, and social 
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groups having more than one female always exhibit size dominate hierarchies, it was 
speculated that Chaetodontoplus mesoleucus (Bloch) is also a protogynous species 
(Moyer, 1990). 
It is apparent that sex reversion, harem formation and polygynous mating are 
I general phenomena among pomacanthid species (Moyer and Nakazono, 1978; Bauer 
i and Bauer, 1981; Hourigan and Kelley, 1985; Aldenhoven, 1986). Deviation from this 
I 
{ norm is found in some Genicanthus species (Moyer, 1984), in some eastern Pacific 
I 
I Holacanthus species such as Holacanthus passer Valenciennes (Moyer et al., 1983)， 
I and in both species of westem Atlantic Pomacanthus (Moyer et al., 1983). 
1 
‘ 1.5.2 Sexual Dichromatism in the Pomacanthids 
I 
1 1.5.2.1 Sexual Dichromatism 
f 
^ It is well known that all members of the genus Genicanthus Swainson (Randall, 
i 1975) and most species of Centropyge Kaup are sexually dichromatic (Burgess and 
3 
!j- Axelord, 1972; Steene, 1977; Moyer and Nakazono, 1978; Myers, 1989; Moyer, 
I 1990; Pyle, 1990b). Permanent sexual dichromatism, however, is uncommon among 
I other genera. Holacanthus passer Valenciennes was reported by Moyer et al. (1983) 
m to be permanently sexually dimorphic; the sex of an individual can be distinguished 
3 
I by the color of the pelvic fin, which is white and yellow in males and females 
I respectively. Hourigan and Kelley (1985) also suggested Holacanthus tricolor 
1 (Bloch) to be slightly sexually dichromatic. All the males examined exhibited faint 
f_ 
I red dots on the caudal fin, and these dots faded rapidly after death. An individual 
^ � 
i specimen undergoing sex change was also found to exhibit such red dots on the caudal 
4 fin. 
I Some pomacanthids, on the other hand, exhibit temporary dichromatism during 
I courtship and spawning, such as reported in both sexes of Pomacanthus arcuatus 
h (Linnaeus) and the males of Centropyge argi Woods and Kanazawa (Moyer et cd., 
1983). Thresher (1982) also reported that males of Pomacanthus imperator (Bloch) 
are darker in color on the head region anterior to the eye, and the females also 
"blanche" and lost their brilliant color during courtship. Basically, sexual 
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dichromatism in pomacanthids is a sporadically occurring and systematically 
unpredictable event. It is not related to social organization of the species concerned, 
and it is not yet possible to formulate any comprehensive hypothesis to account for 
the occurrence ofsuch dichromatism in this family (Moyer et al； 1983). 
1.5.2.2 Sex Size Dimorphism 
While sexual dichromatism is not universal among the pomacanthids, sexual size 
dimorphism is more typical ofthe family , the males are in general always larger in 
size (15-20%) than the females (Fricke, 1980; Thresher, 1982; Moyer et al., 1983; 
Hourigan and Kelley, 1985). This phenomenon was well documented in proven 
protogynous species such as Centropyge, Holacanthus and Genicanthus (Shen and 
Liu, 1976; Moyer and Nakazono, 1978; Suzuki et al., 1978; Hourigan and Kelley, 
1^  1985), and was also reported on monogamous species such as Pomacanthus paru 




i-' 1.5.3 Spawning Time and Season of the Pomacanthids 
I 
I As far as spawning time is concerned, spawning is always regulated by light 
l| 
|i conditions since Centropyge interruptus (Tanaka) were reported to spawn only 10 
i 
II � minutes before and 5 minutes after sunset, unless the day was heavily overcast (Moyer 
and Nakazono, 1978). Holacanthus tricolor (Bloch) was also observed to spawn just 
1 prior to sunset OS[eudecker and Lobel, 1982; Moyer et al., 1983). The same is 
i^ ： 
I observed for Centropyge argi Woods and Kanazawa, Pomacanthus arcuatus 
(Linnaeus), Pomacanthus paru (Bloch) and Pygoplites diacanthus (Boddaert) (Moyer 
,1" 
et al” 1983; Gronell and Colin, 1985). 
The spawning season ofthe pomacanthids, on the other hand, seems to be variable 
among species. Information on some species suggested a strong seasonal change in 
reproductive activity, while some species were reported to spawn throughout the year 





Centropyge interruptus (Tanaka) was reported to spawn daily between May and 
October when the water temperature is above 22 °C (Moyer and Nakazono, 1978). 
Holacanthus tricolor (Bloch) was reported to spawn only during the eight days before 
the full moon QSfeudecker and Lobel, 1982). Observation of the same species by 
I Moyer et al. (1983), however, revealed that spawning was conducted every day 
? 
throughout the year without detectable lunar periodicity. Munro et al (1973) reported 
collecting ripe females oiHolacanthus tricolor (Bloch) in February, April, and May. 
Hourigan and Kelley (1985) also reported ripe females of Holacanthus tricolor 
(Bloch) were collected in May and September, and females appeared to release fewer 
I j eggs per spawn in September as opposed to May (The mean clutch size for females 
'f: 
\ collected in May was 4200 while that collected in September was 2710). 
‘ As reported by Moyer et al (1983), Pomacanthus arcuatus (Linnaeus) spawns in 
* ^ 
|. February; and Holacanthus passer Valenciennes was observed to spawn in October-
|,, November, when the water temperatures in the Sea of Cortez was at an annual 
I maximum (27-29 °C). In the same report Pomacanthus paru (Bloch) was observed to 
1 spawn off Grand Bahama Island during August. Besides, Gronell and Colin (1985) 
I also observed the spawning of Pygoplites diacanthus (Boddaert) at the Marshall 
• 
I： Islands during July and September. 
1.5.4 Spawning Behavior ofthe Poniacanthids 
:i:. . 
Spawning behavior ofthe pomacanthids varies in detail from genus to genus and 
to a lesser extent between species within genera. Several general features in spawning 
behavior were observed. Spawning always involves a single pair of fish and is 
apparently stimulated by falling light levels. It also occurs slightly off the bottom and 
ends with a spiralling or straight, relatively slow ascent into the water column to 
r 
release eggs and sperms (Moyer et al., 1983). 
Courtship behavior of Centropyge interruptus (Tanaka) was reported (Moyer and 
Nakazono, 1978) to consists ofrapid rushing and circling of individual females by the 
i 
male. At the final stage of spawning the male exhibits a motionless display high in the 
water column with all the fins fully extended. The female then approaches at close 
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range and is "nuzzled" by the male around the abdominal region. At this moment 
sperms and eggs are suddenly released in open water. The courtship process usually 
takes about eight to ten minutes, then both partners quickly retreat to the bottom. The 
male spawns with each ofthe female member of the harem in a spawning season. 
Among the large pomacanthids, Pomacanthus arcuatus (Linnaeus) at San Blas 
丧 
I Islands was reported to exhibit promiscuous mating and temporary sexual dimorphism 
during spawning, accompanied by frequent "grunting" noise (Moyer et al., 1983). 
I About one hour before sunset, the dark bar just posterior to the operculum darkened 
！ conspicuously on males; which began to circle over groups of females close to 
I 
r substratum. The females also manifest color changes by having their ventral surface 
t 
\ 
J darkened and blanching dorsally. Individual males and females from the group 
spawned in pairs and the courtship behavior was typical ofthe family. 
r： Pygoplites diacanthus (Boddaert) was reported to perform a special spawning 
behavior that is unique among the pomacanthids. Gronell and Colin (1985) described 
J the spawning of Pygoplites diacanthus (Boddaert) at Enewetak Atoll, Marshall 
丨 Islands. Like other pomacanthids each male controls a harem of 2- 4 females, and 
a 
spawning takes place at dusk, from 15 minutes pre-set to at least 25 minutes after 
J： sunset. The female signals readiness to spawn by rising up into the water column 
I： while spreading the pelvic fins. The male approaches from behind, places his mouth 
I on the side of the female just above the gonadal pore and move his mouth in a 
I： „ 
i nuzzling manner. The mating pair then rise spirally up 1 meter above the coral before 
^ 
？-
I releasing the gametes and darting back to the shelter. During the ascent the male take 
I a position below and perpendicular to the body plane of the female, while keeping 
I 
i contact with the ventral body of the female. At the peak of the ascent the gametes 
I 一 
r were shed, and the male flexed his tail sending him downwards to the reef, and 
？ simultaneously generating a vortex that sends the gametes to the water surface. 
奮 *_ 
• • * 
The generation of such a toroidal vortex poses two major advantages. First, the 
sperms and eggs are kept together in close physical contact for more than 1 minute, 
this ensured all of the eggs are fertilized (Colin, 1982). In addition, the vortex 
movement directs the gametes up the water column without the mating pair exposing 
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themselves to predators (it was estimated that the vortex effectively adds 9 meters to 
the spawning height ofthe mating pair). The fertilized eggs are effectively placed high 
in the water colxmm, thus reducing predation by benthic feeders (Robertson and 
Hoffman, 1977), this also facilitated the off-shore transport of the fertilized eggs and 
result in their benefiting from the more productive surface waters after hatching 
(Randall, 1961 ； Randall and Randall, 1963). 
1.5.5 Early Egg and Larval Development of the Pomacanthids 
Reproduction of pomacanthids in captivity is uncommon. Only small sized 
pomacanthids such as Centropyge and Genicanthus species were reported to spawn 
regularly in aquaria (Bauer and Klaij, 1974; Lobel, 1974，1975; Suzuki et al； 1978; 
• Bauer and Bauer, 1981; Hioki et al” 1982，1990; Arai, 1994). Despite these reports on 
I spawning, however, there is no report that the larvae could be raised beyond larval 
I stage. 
II 匪丨 
r Although reports on egg development of some pomacanthid species have been 
published (Suzuki et al, 1978; Hioki et al； 1982; Arai, 1994)，information on egg 
development QiPomacanthus species is still unavailable. 
Based on samples of only a few species, eggs of pomacanthid fishes were reported 
“ to be spherical, relatively small (with a diameter of 0.6 to 1 mm), nearly transparent 
* and contain one to several oil droplets (Bauer and Bauer, 1981; Hourigan and Kelley, 
1985; Russo, 1988). The eggs of Centropyge interruptus (Tanaka) was reported to be 
buoyant and remain planktonic for an- undetermined period (Moyer and Nakazono, 
1978). The eggs of the genus Chaetodontoplus were reported to differ from other 
pomacanthid genera by having segmented yolk at the animal pole, as reported by 
Fujita and Mito (1960, on Chaetodontoplus septentrionalis (Temminck and 
Schlegel)), and by Arai (1994, on Chaetodontoplus duboulayi (Gilnther)). 
Hatching in most species occurs in 15 to 20 hours at 28 °C. Moe (1977) reported a 
hatching time for westem Atlantic species of 18 to 30 hours. Newly hatched larvae are 







pigment in the eyes, and have scattered melanophores and a moderate sized oval yolk 
containing a single oil droplet. Feeding starts at 48 to 72 hours after hatching, when 
eyes are pigmented, fins developed, and only remnants of oil droplets remain. In 
aquaria the hatched larvae are not active during early stages of development, but 
J become aggressive shortly before metamorphosis. Settlement on the bottom occurs at 
j 
1 anage of3 to 4 weeks. I ‘ f 
.j.. 
： Hioki and Suzuki (1987) summarized the characteristics of pomacanthid larvae 
，. 
i based on observation on five species belonging to the genera Centropyge, 
Genicanthus and Chaetodontoplus. The common features are: (a) the existence of a 
large ellipsoid yolk sac with front tip extending beyond the larval snout; (b) the 
presence of a single oil droplet situated at the rear end of the yolk sac; (c) the position 
f: 
ofthe anus is at a little behind or close to the rear margin of the yolk sac; and (d) the 
appearance of melanophores on the oil droplet. 
I 
1.6 Pomacanthidae: Juveniles 
A striking feature of the pomacanthids is the change in body coloration from 
juvenile to adult (ontogenic dichromatism). This phenomenon is evident in all genera 
except Centropyge and Genicanthus, and is typical among the genera Pomacanthus, 
Holacanthus, and Pygoplites. 
The juveniles of Pomacanthus species typically have color patterns differing 
dramatically from that ofadults (Steene, 1977; Allen, 1979). In some species such as 
P. paru (Bloch), P. arcuatus (Linnaeus) and P. zonipectus (Gill) such juvenile pattern 
may be related to their activities as cleaners; as such juveniles were reported to 
maintain regular long term cleaning stations on or near the reef (Kerstitch, 1977). The 
color pattem on their body might be signals such that fishes infested with external 
parasites may be attracted and be cured. A different juvenile coloration may also serve 
to reduce aggression by adults towards the juveniles (Fricke, 1980). 
As far as juvenile coloration is concerned, juveniles of different species within the 
genus Pomacanthus possess very similar color patterns (Steene, 1977; Allen, 1979). 







arcuatus (Linnaeus), both of which belongs to subgenus Pomacanthus, are very 
similar in body coloration. Juveniles of the two species can only be distinguished 
from the coloration of the caudal fin: the caudal fin in R paru (Bloch) juveniles is 
completely circled by a yellow band, which is absent in larvae of P. arcuatus 
(Linnaeus). Moreover, the second last yellow band on the body of P. paru (Bloch) 
juveniles is more curved and runs to the edge of dorsal and ventral fins, while that of 
P. arcuatus (Linnaeus) is shorter and disrupted. 
A similar phenomenon is also observed in the two closely related Pomacanthus 
species that inhabit the Red Sea and the westem Indian Ocean: P. asfur (Forsskal) and 
p. chrysurus (Cuvier). It is apparent that the juveniles of both species resemble each 
other very much. P. asfur (Forsskal) juveniles differ from those of P. chrysurus 
(Cuvier) by having more white linings and a broad yellow band on the body. In 
_ westem Pacific, the juveniles ofP. semicirculatus (Cuvier), P. navarchus (Cuvier), P. 
.垂、 
基 | 
: xanthometopon (Bleeker) and P. sexstriatus (Cuvier) closely resemble each other 
3i 
I (Steene, 1977; Allen, 1979). 
« ' I. _ 
翟 。 
— In the genus Holacanthus Lacepede, juveniles of the sympatric species K ciliaris 
：： (Linnaeus) and H. hermudensis Jordan and Rutter are also virtually indistinguishable 
. (Allen, 1979). Juveniles ofthe Holacanthus species that inhabit eastem Pacific Ocean, 
namely H. passer Valenciennes, H. clarionensis (Linnaeus), and H. limbaughi 
Baldwin are also reported to display similar color patterns (Moenich, 1988). Certainly 
f the phenomenon of ontogenic dichromatism and resemblance of juveniles color 
pattem is common among the pomacanthids. This phenomenon might shed light on 
: the phylogenetics of the pomacanthids. 
M 
1.7 Systematics ofthe Pomacanthids 
1.7.1 Differences between Pomacanthidae and Chaetodontidae 
The pomacanthids are closely related genetically to teleosts of the family 
Chaetodontidae. Members ofboth families are strongly laterally compressed, round in 
！ profile, and have continuous dorsal fins. To some extent they even swim and act alike. 
Based on such resemblance, members of the Pomacanthidae had been classified as a 
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subfamily (Pomacanthinae) under the family Chaetodontidae (Regan, 1913; Fraser-
Brunner, 1933; Wood and Schultz in Schultz, 1953; Norman, 1957; Jordan, 1963; 
Greenwood et al； 1966; Bohkle and Chaplin, 1968). Weber and de Beaufort (1936), 
and Marshall (1964) also included into family Chaetodontidae the subfamilies 
Scatophaginae and Drepaninae, which are now considered to be families. 
I . I 
1 
1 Regan (1913) and Norman (1957) made their preliminary division of percoid 
I ‘ 
I families on the basis of the presence or absence of a scaly process in the axil of the 
'fi. 
i pelvic fins. They placed family Chaetodontidae (including Pomacanthidae) with the 
t 
f families that possess axillary scales. Fraser-Brunner (1933) used the presence or 
塞 absence of auxiliary scales in his generic keys to separate various groups of species; in 
i 
J his work he placed the pomacanthids as a subfamily of Chaetodontidae and reported 
^ that auxiliary scales as not being identifiable in both groups. 
1 A few workers dealing with certain aspects of the anatomy of fishes have 
| | mentioned particular differences between the chaetodontids and pomacanthids. 
Cockerell (1915, 1916) investigated the form of the scales in the genera Chaetodon 
Linnaeus, Heniochus Cuvier, Chelmon Cuvier and Valenciennes, Chaetodontoplus 
Bleeker, Pomacanthus Lacepede, Centropyge Kaup, and Microcanthus Swainson. In 
the analysis he divided the fishes into three distinct groups which happen to 
t correspond to the currently accepted families Chaetodontidae, Pomacanthidae, and 
Scorpididae. The chaetodontids have scales in which the ctenii extend in a band along 
the apical margin with the elements separate and striated. Pomacanthids have scales in 
which the median ribs of apical teeth extend as continuing rods to the base of the 
apical field. 
Fraser-Brunner (1945) recognised some of the distinguishing characteristics ofthe 
pomacanthids such as the presence of the pre-opercular spine, frontal bones forming a 
concavity between the orbits, the absence of the pelvic axillary process, the distal 
portions of the ribs normally formed, and a forward ventral expansion of the first 
interhaemal bone. Despite the findings the pomacanthids were still placed under 




It was not until Smith (1953, 1955) and Mumo (1955, 1967)，who proposed that 
differences between the subfamilies Chaetodontinae and Pomacanthinae might be 
large enough to warrant full family distinction, that separation of the pomacanthids 
from the chaetodontids was widely accepted. Further supports for separating the 
pomacanthids from the chaetodontids were published at the same time. Freihofer 
(1963) discovered the arrangement of the nerve ramus lateralis accessories in genera 
of Chaetodontidae as being different from that of family Pomacanthidae. Also, 
Gosline (1966) reported that axillary processes (or scales) are absent from the 
= pomacanthids but present in the chaetodontids. This is contradictory to the works of 
Regan (1913) and Norman (1957) as discussed earlier. 
In addition, Burgess (1974a) disproved the work of Fraser-Brunner (1933) by 
reporting that auxiliary scales are present in all the pomacanthid species and absent in 
the chaetodontids. In his paper Burgess also pointed out the differences between the 
two families in otoliths, swim bladder, and number of vertebrae. The otoliths of the 
S two families differ significantly in size and configuration. The swim bladder in the 
Chaetodontidae has two anteriorly directed processes, which are absent from members 
I ofPomacanthidae. Instead, the swim bladders of some pomacanthids have posteriorly 
i directed extensions. Both the chaetodontids and the pomacanthids have 24 vertebrae. 
I The pomacanthids, however, having a vertebral formula of 10+14，while that for the 
chaetodontids is 11+13. Burgess also studied the osteology of the chaetodontids and 
pomacanthids and raised many differences between members ofboth families. 
One of the arguments that the pomacanthids are classified as a subfamily of the 
family Chaetodontidae is that they are considered to have a "tholichthys" larval stage 
similar to that ofthe butterflyfishes (Lutken, 1880; Fraser-Brunner, 1933). However, 
Burgess (1974a) examined the specimens of both families and concluded that the 
» larvae of the pomacanthids are compressed, oval to round, and do not have the 
characteristic head armature of the tholichthys larval stage. 
Morphologically, the preopercular spine is absent from the chaetodontids, which 
is a striking morphological proof which supports the separation of the pomacanthids 
from the chaetodontids. Furthermore, ontogenic dichromatism is evident in some 
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members of the family Pomacanthidae (Allen, 1979), and this phenomenon is not 
recognized among chaetodontids. To summarize, the differences between the two 
families are tabulated in Table 1.2. 
1.7.2 Systematics of the Pomacanthids 
1 As far as taxonomy is concerned, members of Pomacanthidae belong to Class 
i 
f Teleostei, Order Perciformes, Suborder Percoidei, Superfamily Percoidae, and Family 
i 
I Pomacanthidae. The family is a relatively small one with only two subfamilies and 
| -
f seven widely accepted genera: Apolemichthys Fraser-Brunner, Centropyge Kaup, 
"•> 
； Chaetodontoplus Bleeker, Genicanthus Swainson, Holacanthus Lacepede, Pygoplites 
Fraser-Brunner, and Pomacanthus Lacepede. Subfamily Holacanthinae contains 
genera such as Genicanthus, Centropyge, Apolemichthys, Pygoplites and 
蔽 Holacanthus; while subfamily Pomacanthinae contains the remaining two genera, 
3 Chaetodontoplus and Pomacanthus (Allen, 1979). 
1^ 
• As there are relatively few genera within the family, there are also relatively few 
species. The most speciose genus, Centropyge Kaup, contains 32 recognized species 
(Randall and Klausewitz, 1977; Steene, 1977; Allen, 1979; Randall and Yasuda, 
1979; Pyle, 1992a; Pyle and Randall, 1993); at the other extreme, Pygoplites Fraser 
Brunner is monotypic and contains only R diacanthus. The genus Pomacanthus 
Lacepede contains 13 species and the remaining four genera contain about a dozen 
species each, making up a total of 82 species. 
1.7.3 Controversy in Systematics of the Pomacanthids 
Controversy exist among workers over the systematics of the pomacanthids 
despite the family has only 82 members. Fraser-Brunner (1933, 1934) separated some 
members from Pomacanthus Lacepede and erected the genus Heteropyge Fraser-
Brunner, a genus name which has been used and was substituted by Euxiphipops 
Fraser-Brunner later. Smith (1955) raised several subgenera to generic level (e.g. 
Pomacanthodes Gill and Apolemichthys Fraser-Brunner), and erected the genus 






Table 1.2: Differences in characteristics 
between Chaetodontidae and Pomacanthidae 
Feature Pomacanthidae Chaetodontidae 
Preopercular spines present absent 
. Vertebral formula 10+14 11+13 
’ Axillary scale absent present 
Auxiliary scale present absent 
Swimbladder Posterior extensions in 2 anteriorly directed 
some species processes 
Tholichthys larval stage absent present 
Hermaphroditism Confirmed in some species Not reported 
Ontogenic dichromatism Observed in some species Not observed 
Feeding habits Feed on sponge, tunicate, Mainly feed on corals, 




merged (Tominaga and Yasuda, 1973; Randall, 1975)，but only few of these 
recommendations have been widely accepted. 
Recently Burgess (1991) erected the monotypic genus Paracentropyge Burgess 
which contains Centropyge multifasciatus (Smith and Radcliffe). In the same report 
Burgess also erected the monotypic genus Sumireyakko Burgess which contain 
Holacanthus venustus Yasuda and Tominaga; a species which Pyle and Randall 
(1993) placed into the genus Centropyge. As a group of diverse, highly specialized 
I and under-studied teleost, it is no wonder that there exists controversy among 
:H » • 
f workers. It is hoped that through further research the systematics of the pomacanthids 





i 1.8 Theme 
I 
I The general biology of the pomacanthids has been reviewed in the early part of 
I 
， this chapter. As indicated above, scientific research of the pomacanthids is largely 
職 
I: restricted to taxonomy, ecology, and reproductive behavior. Thus far research is 
*| conducted mainly through field observations or examination of wild caught 
I specimens, there have been few attempts to keep the pomacanthids in captivity for • . 
I research purposes. The general lack of research interest over the pomacanthids might 
I be due to their high cost or to the difficulty of their long-term keeping in captivity. 
I The pomacanthids are typical coral reef inhabitants that are highly specialized and 
1 successfully adapted to live in coral reefs. It would be most interesting to study the 
• • 
1 biology of such a group of advanced and specialized teleost. 
i � 
: Due to the increased living standard and advances made in aquarium technology, 
i keeping of marine fishes from tropical coral reefs became technically feasible and 
economically affordable. As a result the more colorful coral reef fishes replace their 
^ fresh water counterparts in home aquariums worldwide. The Philippines, one of the 
major marine fish exporting countries, exported over 1 million live fishes of more 
- than two hundred species in 1979, with a US Dollar value of over 6 million (Rubec 
m 
and Pratt, 1984; Dewey, 1984). When considering the mortality before reaching the 
务 
I whole seller, which may range from 50% to 100% in poorly managed shipments; the 
21 
f 
actual amount of fish being caught should double the above figure. Besides the 
Philippines, other countries rich in coral reefs are also exporting enormous amount of 
S coral reef fishes, so it is tentatively speculated that the total amount of coral reef fishes 
j being caught and exported worldwide today should far exceed the above figure. 
• ^ 
I \ 
Frequent fish collecting activities inevitably threaten the physical structure and 
I ecology ofthe tropical coral reefs, the balance of which may take decades to recover. 
I The most important threat to the coral reefs comes from the sodium cyanide and 
i dynamite employed in collecting marine organisms. In the Philippines, for example, 
I three quarters of the exported fishes were collected with sodium cyanide in 1984 
二 （ R o b i n s o n , 1984; Rubec and Pratt, 1984). A living coral reef may be tumed into a 
： completely lifeless one within minutes by employing this efficient way of collecting 
|
marine organisms! The most urgent task to save the coral reefs, of course，is to stop 
cyanide and dynamite collecting through political and legislative means. On the other 
hand, artificial breeding ofhigh priced coral reef fishes should be practised to relieve 
番丨 the collection pressure over the natural population. 
I ' 
M'i 
Apart from conservation of the coral reefs, the underlying economic potential is 
another reason calling for research on the coral reef fishes (Bauer and Bauer, 1981). 
Hong Kong, being a paradise for aquarium fish enthusiasts, is flooded with freshwater 
and marine ornamental fishes from all over the world. In 1979，0.22 million marine 
fishes were imported from the Philippines alone, making Hong Kong the second 
— largest importer of marine tropical fish of the world (Rubec and Pratt, 1984). The 
United States, being the largest importer of Philippine marine aquarium fishes, 
： consumed 0.66 million fishes in 1979 (Rubec and Pratt, 1984). 
Presently in Hong Kong, the retail market value of a single marine aquarium fish 
may range from several dollars (H.K.) to as high as several thousand dollars. The 
- market value of fishes is determined by many factors such as seasonal availability, 
• country of origin, quality of fish (e.g., size, sex, color pattern and physical condition) 
二 and location ofthe aquarium. The enormous demand and high market value ofmarine 




j United States, artificial breeding of some damsel fishes is already well established and 
hatchery produced fishes are supplying the aquarium industry already (Dewey, 1985). 
\i 
This research on the biology ofthe pomacanthids involves the following areas: 
a. A review in the systematics of the pomacanthids; 
{ b. Age and growth of a typical pomacanthid, Pomacanthus imperator (Bloch); and 




！ Interestingly, though the pomacanthids are prominent reef fishes, twenty-four out 
ofthe eighty-two species ofthe family were described after 1960, i.e. 30% ofthe 
family were identified rather recently. Judging from this, it is not surprising that the 
phylogenetics of the family was seldom studied and reported. The most recent and 
comprehensive study ofthe pomacanthids was conducted by Shen and Liu in 1979; 
- the same year in which Allen also published the book "Butterfly and Angelfishes of 
i 
:J the World", which includes most of the species of butterflyfishes and angelfishes 
1 known at that time. However, the book was written mainly for marine aquarists so 
! that the phylogenetics and systematics of the pomacanthids was only very slightly 
discussed. This research attempts to provide an updated and comprehensive report on 
- the systematics of the pomacanthids. = 
V 
|i . 
！ As mentioned above, recent reports concerning the family Pomacanthidae are 
limited to topics such as species description, ecology and reproductive behavior 
(Fricke, 1980; Thresher, 1982; Pyle, 1990a, b, 1992a; Pyle and Randall, 1993). It is 
the purpose of the present investigation to step further on the existing basis. 
Pomacanthids of smaller size such as the Centropyge and Genicanthus species were 
reported to be protogynous hermaphrodites (Moyer and Nakazono, 1978; Bruce, 
1980; Bauer and Bauer, 1981; Aldenhoven, 1986), so are some members ofthe genus 
Holacanthus (Hourigan and Kelley 1985), whether the Pomacanthus species follow 
the same rule had not been reported. The aim of this investigation is to explore the 
possibility of protogynous hermaphroditism in the Pomacanthus species. Through 
dissecting specimens of various sizes and examination of their gonads, a size-sex 






The knowledge of age of fish is an important factor in proper fishery management 
as well as in stock assessment. The evaluation of age provides a means to understand 
the composition of a fish population with regard to the age classes and to establish the 
role of particular year classes in the composition of stock. The study of the growth-
I rate of fish leads to an effective assessment of the age at maturity, life span, and the 
l'- sustaining power of the stock in a fishery (Menon, 1953). As a group of highly 
exploited ornamental fish, definitely the knowledge on the age and growth of the 
！ 
’ pomacanthids would benefit by providing a hint for proper fishery management. As 
the age and growth ofthe pomacanthids have never been studied and reported, in this 
research it is hoped to fill the existing gap and provide valuable data on the age and 
growth of the pomacanthids. 
f' 
I As evident from the common juvenile coloration of some of the genera, the 
气 pomacanthids have been suggested to be evolved through adaptive radiation. 
I Systematics of the pomacanthids, however, was based on traditional techniques and 
1 parameters such as the meristic and morphometric characters; which might be 
-;$^  
: inadequate in establishing phylogenetic relationships (Taniguchi et aL, 1986). With 
g.-
1' the advent of improved diving instrumentations and techniques, it is possible for 
biologists and fish collectors to explore much deeper portions of the reef so that more 
pomacanthids species might be expected to be discovered and described in the future. 
It is, therefore, necessary to clarify the generic status of the species in question and 
reassess the phylogenetics of the pomacanthids so as to provide an updated 
comprehensive view over the systematics of the family Pomacanthidae. In this 
地 research, we attempt to study the phylogenetic relationships of the pomacanthids 
through reliable modem techniques such as isozyme electrophoresis. 
T： 
1 As a final remark, we are presently at the start of a breakthrough in pomacanthid 
f research. Through the establishment of some preliminary stepping stones, we are 






Systematics of the Pomacanthidae 
The Pomacanthidae is a group ofprominent and interesting teleost but revisions in 
I systematics of the group has been scarce. The most important and detailed work on 
！ systematics of Pomacanthidae was published in 1933 by Fraser-Brunner, in which the 
i 
； pomacanthids were described as a subfamily of the family Chaetodontidae. Despite 
I some errors have been made by Fraser-Brunner, the report forms the guide-line and 
‘ basis of subsequent work in this field. The most recent and comprehensive work on 
systematics of the family Pomacanthidae was included in the two volumes of 
"Butterfly and Angelfishes ofthe World" written by Steene (1977) and Allen (1979). 
As a book written for marine aquarists, however, systematics was only slightly 
touched and little references were cited. In 1979 Shen and Liu revised the genera of 
Pomacanthidae based on morphological characters, scales, internal organs and 
skeletons. In the report Ewciphipops Fraser-Brunner was considered as a junior 
synonym of Pomacanthus Lacepede. However, re-establishment ofXiphipops Jordan 
and Jordan and separation from Centropyge Kaup as raised by Shen and Liu in the 
report has not been widely accepted. 
Apart from works at the family level, Smith (1955) described the pomacanthid 
species in westem Indian Ocean; and Randall revised Genicanthus Swainson and 
described three new Genicanthus species in 1975. Heemstra (1984) also commented 
on the classification of the pomacanthids. 
Revision in the systematics of the pomacanthids by Fraser-Brunner did not serve 
to eradicate all the confusions in generic relations of the group. Euxiphipops Fraser-
Brunner, which was described as a valid genus by Fraser-Brunner (1933, 1934), was 
not recognised and considered as subgenus by some authors (Shen and Liu, 1979; 
Moenich, 1991). Besides, the generic status of some species such as Centropyge 
: multifasciatus (Smith and Radcliffe) (Burgess, 1991), Holacanthus venustus Yasuda 
1 and Tominaga (Burgess, 1991) and Apolemichthys arcuatus (Gray) (Pyle, 1989c) is 
I 
I currently unresolved. As almost two decades have elapsed since the last 
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comprehensive revision on systematics of the pomacanthids, and with six new species 
described since then (Carlson and Taylor, 1981; Heemstra, 1984; Kosaki, 1989; Pyle, 
1990a; Pyle, 1992a; Pyle and Randall, 1993); it is appropriate to have the systematics 
ofthe pomacanthids revised. 
In this research the systematic systems of Fraser-Bmnner (1933), Steene (1977) 
and Allen (1979) are adopted (except that Euxiphipops Fraser-Bmnner is considered 
as a subgenus rather than a valid genus), and remarks will be given for the species 
with uncertain generic status. 
2.1 A Briefnote on the Classification ofthe Pomacanthids 
The family Pomacanthidae can be subdivided into two subfamilies, 
Pomacanthinae and Holacanthinae (Steene, 1977; Allen, 1979; Shen and Liu, 1979; 
Myers, 1989). Subfamily Pomacanthinae is characterised by relatively small scales 
h 
(lateral scale row count 46-115) and absence of preorbital and interopercular spines. 
Members of subfamily Holacanthinae are characterised by having relatively large 
scales, presence of preorbital and interopercular spines, and having an incomplete 
lateral line which ends at the end of soft dorsal fin (Steene, 1977; Allen, 1979; Myers, 
1989). A schematic representation of the systematics and geographic distribution of 
the family is given in Table 2.1: 
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Table 2.1 Schematic representation of the systematics of the family 
Pomacanthidae (modified from Steene, 1977). 
I Subfamily Genus Subgenus No. of Range 
! species 
Pomacanthinae 
‘ Chaetodontoplus 10 far western Pacific 
： Pomacanthus 13 
Arusetta 1 Red Sea 
Ewdphipops 3 far westem Pacific 
^ Pomacanthodes 7 Indo-Pacific 
I Pomacanthus 2 Atlantic 
1^ Holacanthinae 
I Apolemichthys^ 9 Indo-west Pacific 
i Centropyge 32 
Centropyge* 13 Indo-west Pacific 
Xiphipops 19 Indo-west Pacific, 
Atlantic 
Genicanthus 9 Indo-west Pacific 
Holacanthus 8 
Angelichthys 3 Atlantic 
Holacanthus 1 west Atlantic 
Plitops 3 east Pacific 
undetermined^ 1 west Pacific 
Pygoplites 1 Indo-west Pacific 
Total number of species 82 
卞 includes Apolemichthys arcuatus (Gray), which is placed in Holacanthus 
Lacepede by some authors; also Apolemichthys armitagei Smith is considered as 
natural hybrid by some authors (Pyle, 1989a，c). 
言 includes Holacanthus venustus Yasuda and Tominaga, which is placed in 
Centropyge Kaup or Sumireyakko Burgess by some authors (Burgess, 1991; 
Pyle, 1992a; Pyle and Randall, 1993). 
* includes Centropyge multifasciatus (Smith and Radcliffe), which is placed in 
Paracentropyge Burgess by Burgess (1991). 
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2,2 BriefNotes on Pomacanthid Genera 
^ 
2.2.1 Subfamily Pomacanthinae 
Chaetodontoplus: The lateral line is incomplete and ends at the base ofthe dorsal 
fin. The scales are small (number of lateral scale rows > 85) and not arranged in 
t regular series. The hind margin of preorbital is not free; the interoperculum is large 
and without spines; and the vertical fins are round (Bleeker, 1877; Fraser-Bmnner, 
1933; Shen, 1973; Steene, 1977; Allen, 1979; Shen and Liu, 1979). 
Pomacanthus: The Pomacanthus species have 9-14 dorsal fm spines and 17-33 
dorsal fin rays. They also possess 3 anal fm spines and the count of anal fin rays 
ranges from 16-25. Members ofthe genus are mostly large in body size (maximum to 
400 mm standard length), and exhibits ontogenic dichromatism. The scales are large 
or small, irregularly placed, with the scale focus exposed to overlapping area. The 
lateral line is complete and ends at the base of the caudal fin; with lateral line scale 
count about 70; and the number of scales per row ranges from 46-90. The hind margin 
of preorbital is not free; the interoperculum is large and without spines; the vertical 
fms usually elongate. Members ofthe genus Pomacanthus feed primarily on sponge 
and tunicates and many make a curious grunting noise when disturbed (Frische and 
Lissner，1992). 
Within the genus there are 13 species in 4 subgenera; namely Arusetta, 
Euxiphipops, Pomacanthus, and Pomacanthodes. Subgenus Arusetta contains only 
one species from red sea {P. asfur). Subgenus Euxiphipops contains 3 westem Pacific 
species which possess relatively large and regularly arranged scales (number oflateral 
scale rows 45-52). Their interorbital space is broad (broader than eye-diameter) and 
juveniles have straight vertical bluish-white bars. Some workers raised the subgenus 
Euxiphipops to the genus level (Fraser-Bmnner, 1933, 1934; Steene, 1977; Allen, 
1979), since there is controversy among different taxonomists, in this research 
Euxiphipops is still placed in the subgenus level. Members of the subgenus 
Pomacanthus are restricted to the Atlantic Ocean and possess only 9-10 dorsal spines. 
The subgenus Pomacanthodes contains 7 Indo-Pacific and Indian Ocean species 
which possess relatively small scales (number of lateral scale rows > 65). Juveniles of 
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subgenera Pomacanthus and Pomacanthodes are strikingly different from the adults, 
but resemble each other (Shen, 1973; Steene, 1977; Allen, 1979; Shen and Liu, 1979). 
2.2.2 Subfamily Holacanthinae 
Apolemichthys: Members ofthe genus are restricted to Indian Ocean and westem 
Pacific Ocean. The preorbital is convex and without strong bones, the preopercular 
,；； spine lacks a deep groove and the dorsal and anal fins are rounded. The 
l| interoperculum is also without strong spines. The scales on cheek are small and 
!
irregular (Fraser-Brunner, 1933; Shen, 1973; Steene, 1977; Allen, 1979; Shen and 
Liu, 1979). 
Centropyge: The scales are relatively large, the interoperculum is small and 
serrated or with posterior spines; the hind margin of preorbital is free, with lateral line 
ending at the caudal peduncle (Fraser-Brunner, 1933; Shen, 1973; Steene, 1977; 
Allen, 1979; Shen and Liu, 1979). The genus Centropyge Kaup has been treated as a 
synonym of Holacanthus Lacepede by some authors (Yasuda and Tominaga, 1969). 
II Most recent authors, however, consider Centropyge as a valid genus (Randall and 
Caldwell, 1973; Randall and Wass, 1974; Smith-Vaniz and Randall, 1974; Randall 
and Klausewitz, 1977; Steene, 1977; Allen, 1979; Randall and Yasuda, 1979; Shen 
and Liu, 1979; Heemstra, 1984; Kosaki, 1989; Pyle, 1990a, b). 
: Members ofthis genus are divided into two subgenera; Centropyge and Xiphipops. 
: Members of subgenus Xiphipops possess two strong posteriorly directed spines in the 
“ preorbital at the eye level, a feature which is absent from members of subgenus 
• Centropyge (Burgess, 1974b). Shen and Liu (1979) questioned the morphological and 
~ internal differences between the two subgenera and suggested that the genus 
9 Xiphipops should be re-established and separated from Centropyge, The genus 
: Xiphipops Jordan and Jordan is not adopted in this research as this proposal has not 
- been widely accepted. 
— Members of subgenus Centropyge have 15-19 gill rakers; the stomach is located in 
the central or posterior portion of abdominal cavity; the small intestine is located 
= beneath the stomach when viewed from the left lateral view. The lateral process of 




‘ premaxilla is stout and forms a sharp angle of 4 5 � t o the teeth. The scales are round 
with width and length equal. The articular is broader anteriorly and straight 
V 
posteriorly; and the lower spine of lachrymal is denticulated. The lower end of opercle 
is straight; the left arm of the maxillary is shorter than the right arm, and the 
posttemporal possesses spinules. In contrast, members of subgenus Xiphipops have 
21-25 gill rakers; the stomach is located at the anterior portion of abdominal cavity; 
I ‘ 
and the small intestine is partially beneath the stomach when viewed from the left 
i -
f lateral view. The lateral process of premaxilla is straight; slender, and forms a right 
!%•' 
， angle to the teeth. The scales are quadrate and the width is longer than the length. The 
articular is slender anteriorly and curves upward posteriorly; the lower end of opercle 
is convex; and the left arm of maxillary is longer than the right arm, and spinules are 
absent from the posttemporal (Shen and Liu, 1979). 
Genicanthus: The scales are relatively large and arranged in regular series; the 
I lateral line terminates at the end ofthe soft dorsal fin. The interoperculum is large; the 
teeth are relatively short; with 6-8 rows of scale on the operculum. The shape of 
caudal fin is emarginate to lunate. Genicanthus is the only pomacanthid genus which 
is strikingly sexually dimorphic, and is planktivorous (Fraser-Brunner, 1933; Shen, 
1973; Randall, 1975; Steene, 1977; Allen, 1979; Shen and Liu, 1979). Although the 
genus was erected in 1839 by Swainson, members of this genus have been included in 
Holacanthus Lacepede due to their morphological similarities (Bleeker, 1857; 
GUnther, 1860; Waite, 1900); and based on this similarity it was suggested that 
Genicanthus has been derived from Holacanthus (Randall, 1975). The difference 
between the two genera, such as the more elongate body, emarginate to lunate caudal 
fin and small teeth of the Genicanthus species may be related to their planktivorous 
mode of feeding, which requires greater mobility well above the substratum (Randall, 
1975). 
Holacanthus: The scales are relatively large and arranged in regular series; the 
lateral line terminates at the end of soft dorsal fin. The interoperculum is large and the 
teeth are relatively long (their length contained less than 2-3 times eye 
diameter).There are about 9 rows of scales on the operculum, and the caudal fin is 
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truncate. Ontogenic dichromatism is evident in some species (Fraser-Brunner, 1933; 
i Shen, 1973; Steene, 1977; Allen, 1979; Shen and Liu, 1979). 
j 
j Pygoplites: The scales are relatively large and arranged in regular series; and the 
lateral line terminates at the end ofthe soft dorsal fin. The interoperculum is smooth 
\ . 
t and with a narrow branch reaching the suboperculum posteriorly. The preorbital is 零 』
- convex, without spines, and the hind margin is neither free nor serrated. There are 
I about 8 rows of scale on the operculum. Ontogenic dichromatism is evident (Fraser-
i Brunner, 1933; Shen, 1973; Steene，1977; Allen, 1979; Shen and Liu, 1979). 
i-4 
- 2.3 Key to Subfamilies and Genera of the Family Pomacanthidae 
(after ShenandLiu, 1979) 
la. Scale focus exposed to overlapped area; two predorsal intemeural spines; hole of 
„ ceratohyal opened widely; with ontogenic dichromatism……Pomaccmtkinae 2 
] lb. Scale focus hidden in cteni area; one predorsal intemeural spine; hole of 
1 ceratohyal closed or half opened; with or without ontogenic 
Idichromatism Holacanthinae 3 
2a. The scale length 1.52-1.7 in width, 35.7-50.5 in SL; 1st and 2nd haemal spine 
overlapped; articular convex on upper margin Chaetodontoplus 
i2b. The scale length 1.00-1.26 in width, 20.8-33.3 in SL; 1st and 2nd haemal spine 
closed; articular with a U-shape concavity on upper margin Pomaccmthus 
3a. Supracleithrum ovate or triangular; subopercle without spine and spinule; 1st and 
2nd haemal spine overlapped jipolemichthys 
3b. Supracleithrum elongated or oblong; subopercle with spines and spinule; 1st and 
2nd haemal spine separated 4 
4a. Interopercle without spine and spinule 5 
4b. Interopercle with spine and spinules 6 
5a. Pyloric caeca 22; the posterior portion of gas bladder divided into two chambers, 
by 1st interhaemal spine, and 1st, 2nd and 3rd haemal spines PygopHtes 
5b. Pyloric caeca 3-4; the posterior portion of gas bladder divided into two chambers, 
by 1st interhaemal spine, and 1st and 2nd haemal spines Holacanthus 
6a. Articular shorter, 13.1-16.5 in SL; one pyloric caeca forward anteriorly alone 
oesophagus Genicanthus 
6b. Articular longer, 11.0-12.9 in SL; without pyloric caeca forward anteriorly along 
oesophagus Centropyge 
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2.4 Description of the species 
2.4.1 Meristic formula 
The meristic characters of a species can be expressed by the meristic formula, that 
of Pomacanthus imperator is given below as an example: 
！ Pomacanthus imperator (Bloch, 1787) (Emperor angelfish) 
i Chaetodon imperator Bloch, 1787: Nat. Ausl. Fishe, vol. 3，p. 51, pl. 174 (type 
locality, Moluccas, Japan). 
Pomacanthus {Pomacanthodes) imperator Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., p. 556. 
Description: SL to 400 mm (15.7 in); D. XIII-(XIV), 18-22; A. III，18-21; V. I, 5; P. 
19-(20); C. 17; LR 90-103; LL 77-79，TR 15/36; GR (6-7)+(13-14); vertebrae 
10+14=24. 
;H 
The valid species name is in boldface italic, followed by the author, date of 
“ 華 
'• description and common name; synonyms are presented in chronological order, in 
italics and indent; followed by the source of original description and type localities. 
Subgeneric names, when present, are given in parentheses. 
2.4.2 Explanations ofthe abbreviations 
a. D., A., V., P. and C. represents the dorsal, anal, pelvic (ventral), pectoral and caudal 
fms respectively; roman numerals designates the number of spines, and Arabic 
numerals designate the number of fin rays. Usually the last two fin rays are counted 
as one if they are joined at the base (Randall, 1975; Myers, 1989). Numerals in 
parentheses represent the usual count or count ofthe holotype; 
b. SL = standard length of the species given in millimetres and inches (in 
parentheses); 
c. LR = number oflateral scale rows (= LS or LSS in some works); series from behind 
upper end of gill cover to base of caudal fin. 
d. LL = number of lateral line scales; 
e. TR = number of transverse scale rows, usually expressed in the form of TRa /TRb; 
the first figure represents the number of scale rows above the lateral line from 
the base of the first dorsal spine (TRa), and the second figure represents the 
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number of scale rows below the lateral line to the abdominal profile (TRb), 
where TR = TRa + TRb + 1 ； 
If. GR = the number of gill rakers in the first gill arch, the first set of numerals represents the number of gill rakers from the upper limb of the gill arch, while the second set refers to that of the lower limb; the raker at the angle is I included into the lower limb count; 
I 
5 g. vertebrae = count of abdominal vertebrae + count of caudal vertebrae. 
¢. 
I 2.4.3 Species description 
] Subfamily Pomacanthinae 
二 Genus Chaetodontoplus Bleeker, 1876 
‘ Chaetodontoplus Bleeker, 1876: Arch. Neerl., vol. 12, p. 307. 
: Type species: Holacanthus septentrionalis Temminck and Schlegel, 1844 
Chaetodontoplus ballinae Whitley, 1959 (Arrow-backed angelfish, Ballina angelfish) 
'I Chaetodontoplus ballinae Whitley, 1959: Proc. Roy. Zool. Soc. N.S.W. (1957-
I i 1958), pp. 21-22, fig. 8 (type locality, Ballina Bar, New South Wales). 
* I i ： 
i Description: SL to 200 mm (7.9 in); D. XIII，18; A. III, 18; P. 16; C. 13 main rays; LR 
! ca. 90 (Whitley, 1959). 
i Range: Lord Howe Island, Australia. 
Habitat: Usually observed in pairs, occasionally three individuals were noticed. Their 
territories appeared reasonably large, a pair generally occupying about 2500m^ of 
reef. Male and female appeared approximately the same size. Extremely low in 
numbers (Whitley, 1959; Parker, 1994). 
Chaetodontoplus caeruleopunctatus Yasuda and Tominaga, 1976 (Blue-spotted 
angelfish) 
Chaetodontoplus caeruleopunctatus Yasuda and Tominaga, 1976: Jap. J. Ichth., 
vol. 23, no. 3, pp. 130-132 (type locality, Philippines). 
Description: SL to 140 mm (5.5 in); D. XIII，17; A. III，17; V. I，5; P. 18; caudal 
branched rays 8+7; lateral line complete; TR 18/60, GR 4+12, vertebrae 10+14=24 
(Yasuda and Tominaga, 1976). 
Range: Only recorded from the Philippine Archipelago (Yasuda and Tominaga, 
1976). 
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Chaetodontoplus chrysocephalus Bleeker, 1854 (Orange-faced angelfish) 
Holacanthus chrysocephalus Bleeker, 1854: Nat. Tijds. Ned. Indie, vol. 7，p. 
428. 
Chaetodontoplus chrysocephalus Bleeker, 1877: Alias IchUi. Ind. Nwl . , vol. 9, 
p. 56，pl. 6，p. 368, fig. 4. 
Chaetodontoplus cephalareticulatus Shen and Lim, 1975: Bull. Insl. Zool. 
Academia Sinica, vol. 14，no. 2，p. 97, fig. 16 (Kee-lung, Taiwan) Ounior 
synonym，juvenile). 
Description: SL to 220 mm (8.7 in); D. XIII, 17; A. 111, 16; V. I, 5; P. 17; LL 90, TR 
17/68 (Shen and Lim, 1975). 
Range: Japan, Taiwan, south to the Indonesian Archipelago (Shen and Lim, 1975; 
Steene, 1977). 
Chaetodontoplus conspiciilatus (Waile, 1900) (Conspicuous angelfish) 
Holacanthus conspicillaius Waite, 1900: Rec. Aust. Mus. vol. 3，pl. 7，p. 203， 
pl. 35 (type locality, Lord Howe Island). 
Holacanthus {Chaetodontoplus) conspicillatus McCulloch, 1922: Mem. 
Queensl. Mus. vol. 7，pl. 4，p. 242. 
Chaetodontoplus conspicillatus Fraser-Brunner, 1933: Proc. Zool. Soc. Lond. 
1933, pp. 549 and 552, non Ogilby，1915 Mem. Queensl. Mus. vol. 3，p. 
114，which was C. personifer (Whitley, 1915). 
Description: SL to 290 mm (11.4 in); D. I+XlI, 18-19; A. III, 18-19; V. I, 5; P. 17; C. 
17; LR ca. 125; GR 3+13 (Waite，1900, Ogilby，1915, Fraser-Brunner, 1933). 
Range: South-westem Pacific- New Caledonia, Lord Howe Island’ Norfolk Islands, 
Heron Island (Waite，1900; Steene, 1977). 
Habitat: Prefers reefs ofdepUis 20 to 40 m (Steene, 1977). 
Etymology: This species is named conspicillatus which in Latin means “speculated”. 
Remarks: Chaetodontoplus conspicillatus possesses a recumbent spine immediately in 
advance of Uie first erect dorsal spine (Waile, 1900). 
Chaetodontoplus duboulayi (GOmher, 1867) (Scribbled angelfish) 
Holacanthus duboulayi GOnUier, 1867: Ann. Mag. Nat. Hist., ser. 3，vol. 20，p. 
67’ 1867 (type locality, Macleay, Northwest coast of Ausmdia). 
Holacanthus daminiensis Saville-KenU 1890: Proc. Roy. Soc. Queensl. vol. 6， 
p. 235. 
Chaetodontoplus dubouleyi Ogilby, 1915: Mem. Queensl. Mus. vol. 3, p. 112. 
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Description: SL to 255 mm (10 in); D. XI，22; A. III, 20-21; V. I，5; P. 20; LR 100， 
TR 15/42; GR 3+13，vertebrae 9+13=21 (Fraser-Brunner, 1933). 
Range: Queensland and Northern Territories (Australia), New Guinea and the Aru 
Islands, Taiwan (Steene, 1977). 
Ecology: Depths between 1 and 20 m. Usually in aggregates, herbivorous (Steene, 
1977). 
Etymology: Chaetodontoplus duboulayi was named after Mr. F.H. du Bouley, an 
J ardent field naturalist and collector of West Australia. Ogilby (1915) suggested 
that the species name should be altered to dubouleyi so that this honour may be 
correctly designated, however, the latter species name was seldom used by various 
workers. 
Chaetodontoplus melanosoma (Bleeker, 1853) (Black velvet angelfish) 
Holacanthus melanosoma Bleeker, 1853: Nat. Tijds. Ned. Indie., vol. 5，p. 78. 
I Holacanthus dimidiatus Bleeker, 1860: Act. Soc. Sci. Ind. Neerl. vol. 8, p. 11. 
fi Chaetodontoplus melanosoma Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9，p. 
[i 57, pl. (9)369,fig.l. 
M- Chaetodontoplus dimidiatus Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9, p. 
57, pl. (9) 369, fig. 4. 
Chaetodontoplus niger Chan, 1965: Ann. Mag. Nat. Hist, ser. 13, vol. 8, pp. 
325-334. 
Description: SL to 180 mm (7.1 in); D. XIII, 17-19; A. III, 17; V. I, 5; P. 17; LR 100 
(Fraser-Brunner, 1933). 
Range: Japan, Malaysia to New Guinea (Samarai Island), not recorded in Australia 
(Steene, 1977). 
Coloration: Juveniles different in coloration from the adults and having a yellow 
stripe across the region of the pectoral fin. Females having yellow caudal fins 
(Fraser-Brunner, 1933). 
Chaetodontoplus meredithi Kuiter, 1990 
Chaetodontoplus meredithi Kuiter, 1990: Coastal Fishes of South-Eastem 
Australia, p.228, 2 figs. 
Description: SL to 300 mm, (11.8 in); D. XIII，18-19; A. III，18-19，V. I, 5; P. 18; LR 
ca. 130 (Kuiter, 1992). 
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Range: Queensland, central New South Wales, Admiralty Islands (Kuiter, 1992; 
Francis and Randall, 1993). 
Habitat: Juveniles are found in harbours, often under deep jetties with prolific sponge 
growth on which they seem to feed. Adults are found in outer reefs, usually in 
more than 30 m (Kuiter, 1992). 
Chaetodontoplus mesoleucus (Bloch, 1787) (VermicuIated angelfish, Singapore 
angelfish) 
Chaetodon mesoleucus Bloch, 1787: Nat. Ausl. Fische, vol. 3，p. 117, pl. 216, 
fig. 2. 
Chaetodon mesomelas Gmelin, 1789: Caroli a Linne, Systema Naturae, vol. 1, 
no. 3, pp. 1126-1516. 
Holacanthus mesoleucus Lacepede, 1802, Hist. Nat. Poiss. vol. 4，pp. 528, 535. 
Chaetodon atratus Gray, 1854, Cat. Fish. Gronow, vol. 2, p. 54. 
Chaetodontoplus mesoleucus Bleeker, 1877, Atlas Ichth. Ind. Neerland. vol. 9, 
p. 56，pl. 7，p. 369，fig. 5. 
Holacanthus bicolor var. oahuensis Borodin, 1930, Bull. Vanderbilt. Mus. vol. 
1, Art. 2, p. 56. 
Description: SL to 180 mm (7.1 in); D. XII，17-18; A. III，17-18; LL 85 ； GR 4+12 
(Fraser-Brunner, 1933). 
Range: Westem Pacific- Malaysia to the Solomon Islands, north to the Ryukyus, 
south to Indonesia and New Guinea; Belau in Micronesia (Steene, 1977). 
Habitat: Inhabits coral rich areas of lagoon reefs at depths of 2-20 m. Generally 
solitary. 
Diet: Feeds on filamentous algae and algae {Caulepra sp.), as well as sponge and 
tunicates. Also reported to feed on soft coral {Anthelia and Xenia sp.) in captivity 
(Frische, 1993). 
Remarks: Chaetodontoplus mesoleucus resembles in coloration to Apolemichthys 
xanthurus (Bennett), however, the former can be distinguished from A. xanthurus 
by having 85 lateral line scales, while A. xanthurus having less than 50 lateral line 
scales (Steene, 1977). 
Chaetodontoplus personifer (McCulloch, 1914) (Yellow-tailed angelfish) 
Holacanthus {Chaetodontoplus) personifer McCulloch, 1914: Rec. West. Aust. 
Mus., vol. 1，pt. 3, p. 221, pl. 31 (type locality. Shark Bay). 
Chaetodontoplus conspicillatus Ogilby, 1915: Mem. Queensl. Mus. vol. 3, p. 
114(Whitley, 1959). 
36 
Chaetodontoplus personifer Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 
552. 
Description: SL to 300 mm (11.8 in); D. XIII，19-20; A. III, 19; P. 18-19; V. I，5; C. 
15; LR 90 (McCulloch, 1914, Ogilby，1915, Fraser-Brunner, 1933). 
I 
I Range: Coastal area of New South Wales, Australia, also recorded from Westem 
f Australia, East Indies, and Taiwan (Steene, 1977, Hemdal, 1985). 
I *• 
Coloration: Juveniles dark in color, with a broad white band above the gills (Steene, 
1977). 
Chaetodontoplus septentrionalis (Temminck and Schlegel, 1844) (Blue-stripe 
angelfish) 
Holacanthus septentrionalis Temminck and Schlegel, 1844: Ph. Fr. von 
Siebold, Fauna Japonica, Poiss. dec., 5-6, p. 82, pl. 154. 
Holacanthus ronin Jordan and Fowler, 1902: Proc. U.S. Nat. Mus., vol. 25, no. 
� 1296, p. 545,fig. 6. 
Chaetodontoplus septentrionalis Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., 
二 p. 553. 
' I 
i 
I Description: SL to 200 mm (7.9 in); D. XIII-XIV, 18-19; A. III, 17-18; V. I, 5; P. 17-
丨 18; vertebrae 10+14=24 (Fraser-Brunner, 1933; Shen, 1973). 
Range: East Indies to Japan, Taiwan, Hong Kong, Hainan (Allen, 1979). 
Genus Pomacanthus Lacepede, 1803 
Pomacanthus Lacepede, 1803: Hist. Nat. Poiss. vol. 4, p. 517. 
Pomacanthodes Gill, 1862: Proc. Acad. Nat. Sci. Phila., vol. 14，p. 244 {P. 
zonipectus Gill). 
Acanthochaetodon Bleeker, 1876: Arch. Neerl. vol. 12，p. 308. 
Arusetta Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 572. 
Heteropyge Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 569. 
Euxiphipops Fraser-Brunner, 1934: Copeia, 1934, p. 192. 
Pomacanthops Smith, 1955: Ann. Mag. Nat. Mist，vol. 12, no. 8, p. 383. 
Type species: Chaetodon arcuatus Linnaeus, 1758. 
Subgenus Arusetta Fraser-Brunner, 1933 
Arusetta Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 573 (Chaetodon asfur 
ForsskM). 
Pomacanthus asfur (Forsskal, 1775) (Arabian angelfish) 
Chaetodon asfur ForsskM, 1775: Descript. Animal, pp. xii, 61. 




I Holacanthus aruset Lacepede, 1802: Hist. Nat. Poiss., vol. 9, pp. 518, 522. 
I Holacanthus asfur Ruppell, 1828: Atlas Reise Nordl. Afrika, Fishe, p. 132, pl. 
J 34，fig. 2. 
Heteropyge {Arusetta) asfur Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 
： 573, text-fig. 15. 
Ewciphipops {Arusetta) asfur Fraser-Brunner, 1934: Copeia 1934, no. 4，p.l92. 
Pomacanthus asfur Allen, 1979: Butterfly and angelfishes of the world, vol. 2, 
pp. 302-303, figs. 444-446. 
Description: SL to 350 mm (13.8 in); D. XII，19-21; A. III, 18-19; P. (17)-18; LL 50; 
posterior margin of preopercle usually finely serrate (Fraser-Brunner, 1933). 
Range: Red Sea and adjacent Gulf of Aden, north-westem Indian Ocean, one record 
from Zanzibar (Allen, 1979; Randall, 1983). 
Habitat: In semi-protected inshore reefs of rich coral growth (Allen, 1979). 
Coloration: Pomacanthus asfur (Forsskal) resembles morphologically R maculosus 
(Forsskal) of subgenus Pomacanthodes. The two species can be distinguished from 
the purple scale margins of P. maculosus, and the pale yellow caudal fin, which is 
^. 
creamy yellow in P. asfur (Allen, 1979). 
Subgenus Ewciphipops Fraser-Brunner, 1933 
Heteropyge Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 569. 
Euxiphipops Fraser-Brunner, 1934: Copeia, 1934，no. 4，p. 192 
Pomacanthus navarchus (Cuvier, 1831) (Blue-girdled angelfish, Magestic angelfish) 
Holacanthus navarchus Cuvier, l831: Hist. Nat. Poiss., vol. 7, p. 171, (type 
locality, Java). 
Heteropyge (Heteropyge) navarchus Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., p. 571, text-fig. 14. 
Euxiphipops navarchus Fraser-Brunner, 1934: Copeia 1934, p. 192. 
Pomacanthus navarchus Shen and Liu, 1979 Academia Sinica, 50th 
Anniversary Spec. Publ., pp. 57-77. 
Description: SL to 203 mm (8.0 in); D. XIII-XIV, 17-18; A. III，18; LL 45-48; GR 
6+12 (Fraser-Brunner, 1933). 
Range: Indo-westem Pacific- Indo-Australian Archipelago, Indonesia to New Guinea, 
north to the Philippines, south to Rowley Shoals and the south Great Barrier Reef; 
Belau and Yap in Micronesia (Fraser-Brunner, 1933; Steene, 1977; Shen and Liu, 
1979). 
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\ Habitat: Inhabits areas of rich coral growth of clear lagoons, channels and protected 
I outer reefs at depths of 3 to 30 m. Usually solitary. Juveniles occur at more 
1 




Pomacanthus sexstriatus (Kuhl and Van Hasselt in Cuvier, 1831) (Six-banded 
: angelfish) 
Holacanthus sexstriatus Kuhl and Van Hasselt in Cuvier, 1831: Hist. Nat. 
Poiss., vol. 7, p. 194 (type locality, Java). 
Chaetodon resimus Gray, 1854: Cat. Fish. Gronow, p. 71. 
Heteropyge {Heteropyge) sexstriatus Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., p. 569, text-fig. 12 (4 localities). 
Euxiphipops sexstriatus Fraser-Brunner, 1934: Copeia 1934, no. 4, p. 192. 
Pomacanthus {Pomacanthodes) chrysurus {non Cuvier) Weber and de Beaufort, 
1936: Fish. Indo-Austral. Archipelago, vol. 7，p. 139，fig. 35. 
Pomacanthus sexstriatus Shen and Liu, 1979: Academia Sinica, 50th 
Anniversary Spec. Publ., pp. 57-77. 
B 
•' Description: SL to 455 mm (17.9 in); D. (XIII)-XIV, 18-23; A. III, 18-20; P. 18-19; 
% LR 48; LL 46-60; GR (4-5)+(13-14) (Ogilby, 1915, Fraser-Brunner, 1933). 
^ . ‘ : . -
m '• 
II Range: Westem Pacific- north to the Ryukyus, southwards to Malaysia, Philippines, 
- Solomons, south to Rowley Shoals and New Caledonia; Belau and Yap in 
Micronesia (Fraser-Brunner, 1933; Steene, 1977; Shen and Liu, 1979). 
Habitat: Juveniles inhabit protected inner reefs and are secretive. Adults usually occur 
in pairs and inhabit coral rich lagoons and outer reefs of high vertical relief at 
i； . 
depths of 3 to 50 m. In the Great Barrier Reef, the density of this species have been 
reported to be about 20 pairs per thousand square meters (Steene, 1977). 
Remarks: This species (and other Pomacanthus species) is reported to emit a loud 
grunting noise when disturbed (Frische and Lissner, 1992). 
Pomacanthus xanthometopon (Bleeker, 1853) (Yellow-faced angelfish, Blue-faced 
angelfish) 
Holacanthus xanthometopon Bleeker, 1853: Nat. Tijds. Ned. Indie., vol. 4, p. 
258, (type locality, Telokbetong, Sumatra). 
Heteropyge (Heteropyge) xanthometopon Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., p. 570, text-fig. 13 (type locality, Pelew Island, Ponape). 
Euxiphipops xanthometopon Fraser-Brunner, 1934: Copeia 1934, p. 192. 
Pomacanthus xanthometopon Shen and Liu, 1979: Academia Sinica, 50th 
Anniversary Spec. Publ., pp. 57-77. 
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1 
Description: SL to 380 mm (14.9 in); D. XIII-XIV, 16-18; A. III，16-18; LR 50-52; 
LL 46-47; GR 5+(11-12) (Fraser-Brunner, 1933). 
f 
Range: Indo-west Pacific- Maldives to Vanuatu, north to the Yaeyamas, south to 
Rowley Shoals and the Great Barrier Reef, Belau to Kosrae in Micronesia. Also 
reported in Westem Australia (Fraser-Brunner, 1933; Klausewitz, 1972; Steene, 
1977; Shen and Liu, 1979; Randall and Anderson, 1993). 
Habitat: Adults inhabit coral rich areas of lagoons, channels, drop-offs and outer reefs 
at depths of 5 to 25 m (Steene, 1977). 
Remarks: P. xanthometopon (Bleeker) possess a dark spot or ‘false-eye，on its dorsal 
fin, a feature that is uncommon among the genus (Steene, 1977). 
Subgenus Pomacanthodes Gill, 1862 
Pomacanthodes Gill, 1862: Proc. Acad. Nat. Sci. Phila., vol. 14，p. 244 
{P. zonipectus Gill). 
Pomacanthus annularis (Bloch, 1787) (Blue-ringed angelfish) 
Chaetodon annularis Bloch, 1787: Nat. Ausl. Fische, vol. 3, p. 114, pl. 215, fig. 
2 (type locality, East Indies). 
Holacanthus annularis Lacepede, 1802: Hist. Nat. Poiss. vol. 4, pp. 526, 533. 
Holacanthus septentrionalis Richardson, 1846: Rep. Ichth. China, Japan, Brit. 
Assoc., p. 246 (part.). 
Chaetodon vorticosus Gray, 1854: Cat. Fish. Gronow, vol. 2, p. 74. 
Holacanthus pseudannularis Bleeker, 1858: Nat. Tijds. Ned. Indie, vol. 15, p. 
168. 
Acanthochaetodon annularis Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9，p. 
71, pl. 8., p. 370, figs. 1,2 (5 localities). 
Pomacanthus {Pomacanthodes) annularis Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., p. 559, text-fig. 7, (type locality, Matsubara). 
Pomacanthodes annularis Smith, 1955: Ann. Mag. Nat. Hist., vol. 12, no. 8，p. 
383 (type locality, Delago Bay). 
Description: SL to 350 mm (13.8 in); D. XIII，20-21; A. III，19-20; V. I, 5; P. 18; LL 
86; TR 18/66; GR 4+12; spine at angle of preopercle grooved (Fraser-Brunner, 
1933，1951). 
Range: Indo-west Pacific- Sri Lanka eastwards to the Solomon Islands and New 
Guinea, south to Delagoa Bay (Fraser-Brunner, 1933, Smith, 1955; Steene, 1977; 
Smith and Heemstra, 1986). 




Pomacanthus chrysurus (Cuvier, 1831) ^ar-spot angelfish, Goldtail angelfish) 
Holacanthus chrysurus Cuvier, in Cuv. and Val., 1831: Hist. Nat. Poiss., vol. 7, 
p. 188，(type locality, East Indies). 
Pomacanthus {Pomacanthodes) chrysurus Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., pp. 558-559, text-fig. 6 (type locality, Zanzibar). 




Description: SL to 330 mm (13.0 in); D. XIII-XIV, 17-19; A. III，18-19; P. 18-19; C. 
rounded; LL 80; GR (5-6)+(11-14). Lateral line complete, scales on head minute; 
preopercle spine not grooved; interopercle large, entire (Fraser-Brunner, 1933). 
Range: North-western Indian Ocean- Seychelles and along the African coast from 
Zanzibar to the Gulf of Aden, south to Aliwal Shoal (Allen, 1979; Smith and 
Heemstra, 1986). 
Coloration: Coloration ofjuvenile is similar to that of other congeners, except that the 
caudal fins are orange in colour (Allen, 1979). 
Pomacanthus imperator (Bloch, 1787) (Emperor angelfish) 
Chaetodon imperator Bloch, 1787: Nat. Ausl. Fishe, vol. 3, p. 51, pl. 194, (type 
locality, Moluccas, Japan). 
Chaetodon nicrohariensis Schneider, 1801: Syst. Ichth. Bloch, p. 219, pl. 1， 
(type locality, Nicobars), (juvenile). 
Holacanthus imperator Lacepede, 1802: Hist. Nat. Poiss. vol. 4，pp. 527, 534, 
pl. 4, fig. 3. 
Holacanthus geometricus Lacepede, 1804: Hist. Nat. Poiss. vol. 4，pp. 528, 535. 
pl. 13, fig. 1. 
Holacanthus nicobariensis Giinther, 1860: Cat. Fish. Brit. Mus. vol. 2, p. 52. 
Acanthochaetodon imperator Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9, p. 
70，pl. (5) 367，fig. 2, pl.(12), p.374, fig. 4，(type locality, New Guinea). 
Acanthochaetodon nicobariensis Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9, 
p. 70, pl. (3), p. 365, fig. 1, (type locality, Waigiu) Ouvenile). 
Holacanthus bishopi Seale, 1900: Occas. Papers B.P. Bishop Mus., vol. 1，no. 3， 
p. 106, (type locality, Agana, Guam) (juvenile). 
Holacanthus marianus Seale, 1900: Occas. Papers B.P. Bishop Mus., vol. 1，no. 
3，p. 104, (type locality, Agana, Guam). 
Pomacanthus {Pomacanthodes) imperator Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., pp. 556-558. 





Description: SL to 400 mm (15.7 in); D. XIII-(XIV), 18-22; A. III, 18-21; V. I, 5; P. 
19- (20); LR 90-103; LL 77-79, TR 15/36; GR (6-7)+(13-14); vertebrae 10+14=24 
I (Fraser-Brunner, 1933; Shen, 1973). 
! Range: Indo-Pacific- recorded from the vast region from Red Sea to the Hawaiian 
j Islands, north to southern Japan, south to New Caledonia and the Austral Islands, 
throughout Micronesia (Fraser-Brunner, 1933; Steene, 1977; Shen and Liu, 1979; 
van der Elst, 1988). 
Habitat: Juveniles are solitary and occur in ledges and holes of outer lagoons. 
Subadults subsequently move out to reef front holes; adults occur at outer reef near 
coral rich areas at depths of 3 to 70 m (Steene, 1977; Randall, 1983; Smith and 
Heemstra, 1986; van der Elst，1988). 
Coloration: The juvenile of this species differs from other members of the genus by 
» having concentric white circles instead of curved white bands. Transformation into 
i adult coloration occurs at 8 to 12 cm. The Emperor angel is the only angelfish that 
f-
| l reflect the body condition on the color of the nape, which is darkened instead of 
^ 1 
•?^' I 
i white when the fish is disturbed or in poor physical condition (Steene, 1977; 
？ 
Chung, personal observation). 
Pomacanthus maculosus (ForsskM, 1775) (Yellowbar angelfish, Yellow-blotch 
angelfish) 
� Chaetodon maculosus Forsskal, 1775: Descript. Animal., vol. 13, p. 62 (type 
"• .>, . ‘ 
. locality, Red Sea). 
Holacanthus caeruleus Ruppell, 1828: Atlas Reise. Nordl. Afrika, Fische, p. 
133. 
Holacanthus lineatus Riippell, 1828: Atlas Reise. Nordl. Afrika, Fische, p. 133. 
Holacanthus haddaja Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 7, 
P.175. 
Holacanthus maculosus Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 
7, p. 176. 
Holacanthus mokhella Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 7, 
p. 177. 
Pomacanthus {Pomacanthodes) maculosus Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., pp. 561-563, text-fig. 9. 
Description: SL to 500 mm (19.7 in); D. (XII)-XIII, (21)-23; A. III, 19-21; P. 18-20; 
LL ca. 70; GR (5-6)+(13-14) (Fraser-Brunner, 1933). 
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Range: Red Sea to Persian Gulf and south to Zanzibar (Fraser-Brunner, 1933; Allen, 
1979; Randall, 1983 ； Smith and Heemstra, 1986). 
• Habitat: More often on silty reefs in calm water than in well developed coralliferous 
f 
'� waters (Allen, 1979). 
Pomacanthus semicirculatus Cuvier, 1831 (Semicircle angelfish, Koran angelfish) 
Holacanthus semicirculatus Cuvier, in Cuvier and Valenciennes, 1831: Hist. 
Nat. Poiss., vol. 7, p. 191 (type locality, Timor, Bum, Waigui, Port 
Praslin, New Ireland). 
Acanthochaetodon semicirculatus Bleeker, 1877: Atlas Ichth. Ind. Neerl., vol. 9， 
p. 69，pl. (8) p. 370, fig. 5, (type locality, Waigiu). 
Holacanthus alternans Cuvier, 1831: Hist. Nat. Poiss.，vol. 7, p. 193，(type 
locality, Madagascar). 
Holacanthus caeruleus Cuvier 1831: Hist. Nat. Poiss., vol. 7, p. 194. 
Holacanthus lepidolepis Bleeker, 1853: Nat. Tijds. Ned. Indie, vol. 4, p. 468. 
漏 Holacanthus iburu (Montrouzier) Thiolliere, 1857: Fauna Workbook, p. 169, 
f 1857 (type locality, Woodlark Islands). 
I： Holacanthus ignatius Playfair, 1867: Proc. Zool. Soc. Lond., p. 852, pl. 61. 
E Holacanthuspoecilus Peters, 1868: Monatsb. Akad. Wiss. Berlin, p. 454. 
屋丨 Holacanthus nicobariensis var. semicirculatus Day, 1875: Fishes of India, vol. 
J l，P. 112, pl. 28,fig. 6. 
3 i Acanthochaetodon lepidolepis Bleeker, 1877: Atlas. Ichth. Ind. Neerl., vol. 9, p. 
| -: 67, pl. 10, p. 372,fig. 1. 
2 Acanthochaetodon semicirculatus Bleeker, 1877: Atlas. Ichth. Ind. Neerl., vol. 
1 9，p. 69, pl. 8, p. 370, fig. 5. 
=: Holacanthus semicircularis De Vis, 1884: Proc. Linn. Soc. N.S.W., vol. 9，p. 
_ 547. 
1 Holacanthus reginae Sauvage, 1891: Hist. Nat. Poiss., vol. 16，p. 268, pl. 34, 
i fig. 2. 
； : Holacanthus alternans var. meleagris Alcock, 1896: J. Asiat. Soc. Bengal., vol. 
“ 65,pt. 2, p. 303. 
= Holacanthus nicobariensis Jordan and Seale {non nicobariensis Schneider), 
- 1906: Bull. U.S. Bur. Fish., vol. 25, 1905 (1906), p. 349 (type locality， 
= Pago Pago). 
- Pomacanthus (Pomacanthodes) semicirculatus Fraser-Brunner, 1933: Proc. 
‘ Zool. Soc. Lond., p. 563, text-fig. 10. 
Pomacanthops semicirculatus Smith, 1955: Ann. Mag. Nat. Hist., vol. 12, no. 8， 
p. 383. 
Description: SL to 400 mm (15.7 in); D. XIII，20-23; A. III’ 18-22; V. I, 5; P. 19-21; 
LR 70-76; LL 65-75; TR 12-13/42-43; GR (4-5)+(12-13); vertebrae 10+14=24 
(Fraser-Brunner, 1933; Shen, 1973). 
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Range: Indo-west Pacific- Widely distributed, east from Africa (Red Sea) to Fiji, 
north to south Japan, south to Lord Howe Islands, Belau in Micronesia, and 
't 
I Queensland (Steene, 1977; Smith and Heemstra, 1986; van der Elst, 1988). 
.:，） 
； Habitats: Juveniles inhabit shallow protected reefs in areas of mixed sand and corals. 
I 
Adults prefer coral rich coastal areas with well-encrusted caves or in wrecks at 
;;i: ‘. 
depths of 30 m. Usually solitary (Steene, 1977; van der Elst, 1988). t ‘ 
j Coloration: Juveniles having 8-12 pairs of posterior white bands curve into 
, semicircles. Transformation into adult pattem occur over the size range of 8 to 16 
..， 
’ cm with an intermediate coloration (Steene, 1977). 
•at 
Diet: Sponge, tunicates and small seaweed. The closely spaced teeth are well adapted 
I 
to cropping small pieces of sessile plant and animals from the rocky substrate 
(Steene, 1977; van der Elst, 1988). 
Pomacanthus striatus (Riippell, 1835) (Old Woman angelfish) 
1 Holacanthus striatus Riippell, 1835: Fische des rothen Meeres. In: Wirbelthiere 
二 zu der Fauna von Abyssinen gehorig., p. 32, pl. 10，fig, 2 (type locality, 
�I Red Sea). 
• Chaetodon microlepis Bleeker, 1853: Nat. Tijds. Ned. Indie, vol. 4，p. 257. 
• Holacanthus rhomboides Gilchrist and Thompson, 1908: Ann. S. Afr. Mus., 
二 vol. 6，no. 2, p. 161 (type locality, Natal). 
: Holacanthus semicirculatus Fowler and Bean {non semicirculatus Cuvier) 
- (part.), 1929: Bull. U.S. Nat. Mus., vol. 8，p. 186, fig. 9 (middle left-hand 
？ example). 
： Pomacanthus {Pomacanthodes) striatus Fraser-Bmnner, 1933: Proc. Zool. Soc. 
Lond., pp. 560-561, text-fig. 8. 
: Pomacanthus semicirculatus Smith {non semicirculatus Cuvier), 1953: Sea 
： Fish. S. Africa, no. 584 (only figure ofjuvenile on pl. 30，no. 584). 
Description: SL to 466 mm (18.3 in); D, XI-XII, 22-25; A. III，21-23; P. 19-21; LR 
^ 75-85; LL 46; GR (5-6)+(12-13); caudal fm truncated or lobes slightly produced 
— (Fraser-Brunner, 1933; van der Elst, 1988). 
Range: Indian Ocean- east African coast from Red Sea southwards to Knysna (South 
Africa) and Madagascar (a more temperate species) (Allen, 1979; Smith and 
Heemstra, 1986; Van der Elst, 1988). 
Habitat: Juveniles inhabit intertidal rocky pools and are solitary. Adults inhabit coral 
reefs as well as rocky shores at surfaces to depths of 50 m. Unlike other 
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Pomacanthus species, the adult of this species form congregates (Allen, 1979; van 
derElst, 1988). 
Diet: Sponges, coral polyps and tunicates. Small invertebrates such as crabs and 
marine worms are also consumed (Allen, 1979; Smith and Heemstra, 1986; Van 
derElst, 1988). 
Coloration: Juveniles are brown to black with 15-20 narrow, bluish-white vertical 
stripes. Change to adult coloration begins at a length of 10 cm. (Van der Elst, 
1988). The adults of this species have a very uncharacteristic body shape and 
coloration. Aged specimens posses a pronounced hump on the forehead and a 
gradually sloping, angular dorsal profile. Adults are grey-brown with a patch of 
pale coloration at the posterior 1/3 of the body. 
Pomacanthus zonipectus (Gill, 1862) (Cortez angelfish) 
Pomacanthodes zonipectus Gill, 1862: Proc. Acad. Nat. Sci. Phila., vol. 14，p. 
— 244，(type locality, San Salvador). 
1^ Pomacanthus crescentalis Jordan and Gilbert, 1881: Proc. U. S. Nat. Mus., vol. 
• 丨 : 
4, p. 358, (type locality, Mazatlan). 
Pomacanthus zonipectus Jordan and Gilbert, 1887: Proc. U.S. Mus., p. 376. 
Pomacanthus {Pomacanthodes) zonipectus Fraser-Brunner, 1933: Proc. Zool. 
Soc. Lond., pp. 565-566, text-fig. 11. 
Description: SL to 500 mm (19.7 in); D. XI，23-25 (24); A. III，(20)-22; V. I，5; P. 17; 
C. 17; LR 70 (Fraser-Brunner, 1933). 
Range: Eastem Atlantic off Africa, and eastem Pacific from the Gulf of California 
(Sea of Cortez) to Panama and Columbia (Fraser-Brunner, 1933; Allen, 1979; Lea 
etaL, 1989). 
Habitat: Inhabits sandy and rocky areas at depths between 6 and 33 m. Solitary and •- • 
sometimes in pairs (Allen, 1979). 
Coloration: As a member of subgenus Pomacanthodes, the shape of juveniles is 
typical ofthe subgenus. While the yellow coloration resemble P. paru (Bloch) and 
P. arcuatus (Linnaeus), interestingly the juveniles of these species were reported to 
be symbiotic cleaners of large fishes (Moenich, 1988; Russo, 1988). This species 






f Subgenus Pomacanthus Lacepede, 1803 
Pomacanthus Lacepede, 1803: Hist. Nat. Poiss. vol. 4, p. 517. 
Pomacanthus arcuatus (Linnaeus, 1758) (Grey angelfish) 
Chaetodon arcuatus Linnaeus, 1758: Syst. Nat. Ed., vol. 10，p. 273. 
Chaetodon aureus Bloch, 1787: Ichthyol., pl. 193, fig. 1. 
Chaetodon lutescens Bonnaterre, 1788: Encycl. Meth., p. 182 (type locality, 
Jamica). 
Chaetodon littoricola Poey, 1868: Synopsis, p. 351 (type locality, Cuba). 
Pomacanthus balteatus Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 7, 
p. 208 (type locality, Porto Rico). 
Pomacanthus cingulatus Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 
7, p. 209. 
Pomacanthus cinquecinctus Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., 
vol. 7, p. 210. 
Pomacanthus aureus Lacepede, 1802: Hist. Nat. Poiss., vol. 4, p. 518. 
Pomacanthus paru Giinther {non paru Bloch), 1860: Cat. Fish. Brit. Mus., vol. 
2，p. 55 (part.). 
Pomacanthus arcuatus Jordan and Rutter, 1879: Proc. Acad. Nat. Sci. Philad., 
: p. 125. 
t. Pomacanthus {Pomacanthus) arcuatus Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., pp. 567-568. 
Description: SL to 370 mm (14.6 in); D. (IX)-X, 30; A. III, 22-24 (23); V. I, 5; P. 17-
19 (18); C. 17 (Fraser-Brunner, 1933). 
Range: Tropical westem Atlantic- from Rio de Janeiro northward to Florida and 
occasionally to New England region (Allen, 1979; Miller, 1985; Perrine, 1988). 
Habitat: From a few meters to at least 30 m. Usually solitary and sometimes in pairs. 
Diet: Sponges, tunicates, algae, zoantharians, hydroids and sea grasses. (Allen, 1979; 
Miller, 1985; Perrine, 1988). 
Pomacanthus paru (Bloch, 1787) (French angelfish) 
Chaetodon paru Bloch, 1787: Nat. Ausl. Fische, vol. 3, p. 57 (Brazil, on a 
drawing). 
Pomacanthus arcuatus Cuvier and Valenciennes {non arcuatus Linnaeus), 
1831: Hist. Nat. Poiss., vol. 7, p. 211. 
Pomacanthus paru Cuvier and Valenciennes, 1831: Hist. Nat. Poiss., vol. 7，p. 
205. 
Description: SL to 380 mm (14.9 in); D. IX-(X), 28-(30); A. III，22-25 (23); V. I，5; P. 
17-(20); C. 17 (Fraser-Brunner, 1933). 
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Range: Tropical westem Atlantic- from Brazil northwards to Caribbean Sea, Bahamas 
and Florida, West Africa (Allen, 1979; Miller, 1985). 
Remarks: Juveniles of P. paru were reported to obtain part of their nourishment by 
feeding on ectoparasites of other fishes (Moenich, 1988; Russo, 1988). 
Subfamily Holacanthinae 
Genus Apolemichthys Fraser-Brunner, 1933 
Apolemichthys Fraser-Brunner, Proc. Zool. Soc. Lond., 1933，pp. 578-580 
Type species: Holacanthus trimaculatus Lacepede in Cuvier and Val., 1831 
Apolemichthys arcuatus (Gray, 1831) (Bandit angelfish) 
Holacanthus arcuatus Gray, 1831: Zool. Miscell., p.33 (type locality, Hawaiian 
Islands). 
Chaetodontoplus arcuatus Jordan and Jordan, 1922: Mem. Camegie Mus., vol. 
10, no. 1, p. 62. 
Holacanthus {Apolemichthys) arcuatus Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., p. 579, text-fig. 19. 
Desmoholacanthus arcuatus Fowler, 1941: Proc. Acad. Nat. Sci. Phila., vol. 93, 
p. 256, fig. 8. 
Apolemichthys arcuatus Allen, 1979: Butterfly and angelfishes of the world, 
vol. 2, p. 253, figs. 348-349. 
Description: SL to 180 mm (7.1 in); D. XIII，18; A. III, 18; V. I, 5; P. 17; C. 19; LL 
50 (Fraser-Brunner, 1933). 
Range: Hawaiian Islands; Midway Island (Fowler, 1941; Allen, 1979; Toyama, 1988; 
Randall etal, 1993). 
Habitat: In rocky and coral reefs with depth at least 50 m, prefers locations with an 
abundance ofledges and caves. Usually solitary (Allen, 1979). 
Diet: Mainly sponge (Allen, 1979). 
Remarks: Apolemichthys arcuatus has been placed in Holacanthus Lacepede in a 
report by Pyle (1989c). 
Apolemichthys armitagei Smith, 1955 (Armitage angelfish) 
Apolemichthys armitagei Smith, 1955: Ann. Mag. Nat. Hist., vol. 8，no. 12, pp. 
377-384，1955 (type locality, Seychelles). 
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Description: SL to 200 mm (7.9 in); D. XIV，18; A. III, 19; V. I，5; P. 17，LR 45, GR 
5+14 (Smith, 1955). 
！ Range: Seychelles and Maldives (Heemstra, 1984，Pyle, 1989a, Pyle, 1995) 
Habitat: Prefers coral reef and outer slopes at depths of 10-40 m (Heemstra, 1984). 
Coloration: Resemble A. trimaculatus (Lacepede) but with a large black spot on soft 
dorsal fin. There is also a small black spot on the dorsal caudal peduncle and it 
lacks the black spot on the nape of A. trimaculatus (Lacepede). 
Diet: Sponges and tunicates. 
Etymology: The name armitagei was chosen to honour Colonel A.E. Armitage, who 
collected many fishes in the Seychelles for scientific research. 
Remarks: This species was described by the late J.L.B. Smith in 1955 on the basis of a 
single specimen collected from the Seychelles in the Indian Ocean. Due to its close 
resemblance with A. trimaculatus (Lacepede), this species has long been 
considered by many taxonomists to be merely an aberrant form of the widely 
distributed species. With the discovery of more specimens in the Seychelles and 
Maldives, the validity of the species was confirmed by Heemstra in 1984. 
However, Randall and Anderson (1993) and Pyle and Randall (1994) proposed that 
Apolemichthys armitagei Smith is not a valid species and should only be 
considered as a natural hybrid between A. trimaculatus (Lacepede) and A. 
xanthurus (Bennett). 
Apolemichthys griffisi (Carlson and Taylor, 1981) (Griffi's angelfish) 
Holacanthus griffisi Carlson and Taylor, 1981: Fresh. Mar. Aqu., vol. 4, no. 5, 
pp. 8-11 (type locality, Line, Phoenix, and Gilbert Islands). 
Apolemichthys griffisi Allen, 1986: Butterfly and angelfishes of the world, 
second edition, vol. 2, Appendix, p. 6，2 figs. 
Description: SL to 157 mm (6.2 in); D. XIV, 18; A. III, 18; P. 17-18; LR 46-47; TR 5-
6/38-47; GR(3-6)+(12-13) (Myers, 1989). 
Range: Tropical westem Pacific- Line，Phoenix, and Gilbert Islands, Caroline Islands 
(Carlson and Taylor, 1981; Myers, 1989; Pyle, 1989b). 
Habitat: Prefers reef slopes at depths between about 10 to at least 54 m. Usually in 




j Remarks: Apolemichthys griffisi (Carlson and Taylor) resembles morphologically A. 
xanthopunctatus Burgess in central Pacific. A. griffisi (Carlson and Taylor) can be 
.考E 
‘ distinguished from A. xanthopunctatus Burgess by having a broad white band 
_ 二 
along the dorsal fin base extending across the caudal peduncle, and also by the 
broad dark area bordering the white band. No juveniles have ever been seen. Does 
I； 
I not appear to be abundant at any locality but is regularly observed at depths below 
i' 150ft(45m)(Pyle,1989b). 
I Diet: Sponge and tunicates (Myers, 1989; Pyle, 1989b). 
I 
i Etymology: This species was named in honour of Mr. Nixon Griffis of the New York 
I Zoological Society, who has contributed a great deal to the study of marine 
f 
蕃 ecological systems through the Griggis Foundation (Pyle, 1989b). 
i 
I Apolemichthys guezei (Randall and Mague, 1978) (Reunion angelfish) 
I Holacanthus guezei Randall and Mague, 1978: Bull. Mus. natn. Hist. Nat. Paris, 
: 3rd Ser., no. 514, Zoologie 353, pp. 297-303, 1 fig. (type locality, 
, Reunion). 
？ Apolemichthys guezei Allen, 1979: Butterfly and angelfishes of the world, vol. 
2, p. 254, fig. 350. 
Description: SL to 150 mm (5.9 in); D. XIV, 17; A. III, (18)-19; V. I, 5; P. 17; LR 48-
(50); LL (33)-34; TR 9/28; GR (3-4)+(11-12), vertebrate 10+14=24 (Randall and 
•> . 
Mague, 1978). 
Range: Known only from the island ofReunion (Westem Indian Ocean) (Randall and 
Mague, 1978, Allen, 1979) 
Habitat: Inhabits reefs at depths of 60 to 80 m (Allen, 1979). 
Remarks: Apolemichthys guezei (Randall and Mague) is one of a complex of five 
species which includes also A. trimaculatus (Lacepede), the Indo-Pacific species, 
A. xanthurus (Bennett) from Sri Lanka, India, and the Maldives, A. xanthotis 
(Fraser-Brunner) from Red Sea and Gulf of Aden, and A. xanthopunctatus Burgess 
from Oceania. The relation among the species has yet to be clarified. A. 
trimaculatus (Lacepede) is the only species of the group which also occurs at 
Reunion. Apolemichthys guezei differs from members of the same genus by having 




1 Apolemichthys kingi Heemstra, 1984 (Tiger angelfish) 
j Apolemichthys kingi Heemstra, 1984: Pub. J.L.B. Smith Inst. Ichth. Soec., 35， 
\ pp. 1-15. 
Description: SL to 210 mm (8.3 in); D. XV，16-17; A. III-IV, 17-18; P. 16-17; LR 44-
45; LL 31-33; GR(4-5)+14 (Heemstra, 1984; Smith and Heemstra, 1986). 
Range: South Africa- Durban, Tongaat and Aliwal Shoal (Heemstra, 1984; Smith and 
f . ； Heemstra, 1986). 
I Habitat: Inhabits outer reefs at depths of 20-40 m (Smith and Heemstra, 1986). 
i f ?••• 
Apolemichthys trimaculatus (Lacepede in Cuvier and Val.，1831) (Three-spot 
.» 
angelfish) 
Holacanthus trimaculatus Lacepede in Cuvier and Val., 1831: Hist. Nat. Poiss., 
vol. 7, p. 196, pl. 182 (type locality, Moluccas). 
Holacanthus {Apolemichthys) trimaculatus Fraser-Brunner, 1933: Proc. Zool. 
！ Soc. Lond., pp. 579-580, text-fig. 20. 
^ Apolemichthys trimaculatus Steene, 1978: Butterfly and angelfishes of the 
襄 world, vol. 1，p. 92，figs. 131-132. 
i 
_ | Description: SL to 260 mm (10.2 in), D. XIV，16-18; A. III，17-19; V. I, 5; P. 17; LR 
I . 
gi 45-50; TR 9-10/26-27; GR (3-6)+(12-14); vertebrae 10+14=24 (Fraser-Brunner, 
•’ 1933; Shen, 1973; Myers, 1989). 
•«•• 
^ Range: Indo-west Pacific, east Africa to Somoa, north to southern Japan, south to 
New Caledonia; Belau to east Carolines and Marianas in Micronesia (Shen, 1973; 
Steene, 1977; Myers, 1989). 
Coloration: Specimens <5 cm SL possess a black spot at the base of soft dorsal fin 
and vertical black band through eye joining to the black spot on nape (Steene, 
1977). 
Apolemichthys xanthopunctatus Burgess，1973 (Goldflake angelfish) 
Apolemichthys xanthopunctatus Burgess, 1973: Trop. Fish. Hobb. (U.S.), vol. 
21, p. 55-56, 86-89 (type locality, Fanning Island, Line Islands). 
Description: SL to 200 mm (7.9 in); D. XIV, 17-18; A. III，(17)-19; P. 16; LL 45-46; 
TR 8-10/26-30; GR 15-19 (Burgess, 1973; Myers, 1989). 
Range: Central-west Pacific, Pacific plate- Kapingamarangi (Caroline Islands), Nauru, 
Canton (Phoenix Islands), Gilbert, Howland, Baker, and Fanning (Line Islands) 




, ' i 
J Remarks: A. xanthopunctatus Burgess was first collected in 1954 at Kapingamarangi 
？ Atoll in the Caroline Islands; and subsequently known to occur at several locations 
throughout the Line, Phoenix, Gilbert Islands and Marshall Islands. Juveniles 
resemble that of A. trimaculatus (Lacepede), body yellow in colour, covered by 
I several irregular dark stripes. One dark band across the eye and one large dark spot 
！ at the base on the caudal fin. Usually found at depths of 3-80 m (10-250 ft) (Pyle, 
1989c). 
4- • 
Etymology: This species is named from the Latin xanthopunctatus means "yellow 
spotted". 
Apolemichthys xanthotis (Fraser-Brunner, 1950) (Red Sea angelfish, Yellow-ear 
angelfish) 
. Holacanthus xanthotis Fraser-Brunner, 1950: Proc. Zool. Soc. Lond., vol. 120, 
1 pp. 43-48. 
i Apolemichthys xanthotis Allen, 1979: Butterfly and angelfishes of the world, 
vol. 2, p. 256-257, figs. 352-354. 
I 
：如‘丨.、： 
� Description: SL to 200 mm (7.9 in); D. XIV, 17-19; A. III, 17-18; P.16-17 (Fraser-
i "•••"' 
••„• I …,. 
， Brurmer, 1950). 
I Range: Red Sea from the Gulf of Aqaba southward, and Gulf of Aden (Allen, 1979). 
Habitat: Inhabits coral reefs at depths of 10 to 25 m. Usually seen in groups (Allen, 
1979). 
Feeding: Sponge, benthic organisms and algae (Allen, 1979). 
Remarks: Closely related to A. xanthurus (Bennett) from the Westem and Central 
Indian Ocean. 
Apolemichthys xanthurus (Bennett, 1832) (Indian Yellow-tail angelfish) 
Holacanthus xanthurus Bennett, 1832: Proc. Zool. Soc. Lond., pp. 182-183. 
Holacanthus {Apolemichthys) xanthurus Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., p. 578. 
Apolemichthys xanthurus Allen, 1979: Butterfly and angelfishes of the world, 
vol. 2，p. 258, figs. 355-356. 
Description: SL to 150 mm (5.9 in); D. XIV, 19; A. III，18; LR 48 (Fraser-Brunner, 
1933). 
Range: Westem and Central Indian Ocean; Mauritius, Sri Lanka and India (Fraser-




I Habitat: Usually found in coral rich areas between 5 to 20 m. Mostly solitary, 
, j 
？ sometimes in pairs (Allen, 1979). 
:彳I 
Genus Centropyge Kaup，1860 
Centropyge Kaup, 1860: Wiegmann's Archiv., vol. 26, p. 140. 
Xiphipops Jordan and Jordan, 1922: Mem. Carnegie Mus., vol. 10, p. 64. 
Type species: Holacanthus tibicen Cuvier, 1831. 
! i 
I Subgenus Centropyge Kaup, 1860 
• Centropyge Kaup, 1860: Wiegmann's Archiv., vol. 26, p. 140. 
熬 
I ..f 
‘： Centropyge aurantius Randall and Wass, 1974 (Golden angelfish) 
• Centropyge aurantius Randall and Wass, 1974: Jap. J. Ichth., vol. 21, no. 3, p. 
137-144, fig. 2 (type locality, Tutuila, American Somoa). 
,^  Description: SL to 100 mm (3.9 in); D. XIV, 17; A. III，18; V. I, 5; P. 17; C. 17; LR 
"4 . 
J 44-46； LL 36; TR 7/19-(20); GR 5+12; vertebrate 10+14=24 (Randall and Wass, 
i . . 
t! 1974). 
:I 
取 Range: West-Pacific- American Somoa, Madang QSfew Guinea), Queensland (Randall 
, and Wass, 1974; Steene, 1977). 
Habitat: Inhabit reefs ofdepth to 40m, extremely cryptic in habits (Randall and Wass, 
1974; Steene, 1977; Pyle, 1993). 
Etymology: The Latin aurantium means "orange" in colour in reference to the orange 
ground colour of the species (Pyle, 1993). 
Centropyge bicolor (Bloch, 1787) (Bicolor angelfish) 
Chaetodon bicolor Bloch, 1787: Nat. Ausl. Fische, pt. 3, p. 94，pl. 206, fig. 1 
(type locality, East Indies; West Indies). 
Holacanthus bicolor Lacepede, 1803: Hist. Nat. Poiss., vol. 4, pp. 527，535. 
Holacanthus tenigab Thiolliere, 1857: Fauna Workbook, p. 169 (type locality, 
Woodlark Island). 
Chaetodontoplus bicolor Jordan and Jordan, 1922: Mem. Carnegie Mus., vol. 
10, no. 7, p. 61. 
Centropyge bicolor Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., pp. 589-590, 
text-fig. 26. 
Description: SL to 155 mm (6.1 in); D. XV，15-17; A. III, 17-18; V. I, 5; P. 16-17; LR 






Range: Indo-Pacific- east from Africa to the Somoan and Phoenix Islands, north to 
j southern Japan, south to New Caledonia; throughout Micronesia. Northern 
Australia, Fiji, Philippines (Steene, 1977). 
Habitat: Occurs among small patches of rubble on lagoon, channel or protected 
I seaward reef slopes at depths of 3 to over 20 m. Usually found close to the 




, Centropyge boylei Pyle and Randall, 1992 (Peppermint angelfish) 
* Centropyge boylei Pyle and Randall, 1992: In Pyle, Fresh. Mar. Aqu., vol. 15, 
: no. 7，p. 17，3 figs. (type locality, Rarotonga, Cook Islands). 
Description: SL to 56.2 mm (2.2 in) ； D. XIII, 19-(20); A. III, 18-(19); V. I, 5; P. 15; 
, C. 17; LL 35; TR 8/23; GR (4-6)+(11-13); vertebrate 23 (Pyle, 1992a; Pyle and 
Randall, 1993). 
i Range: Cook Islands- Rarotonga (Pyle, 1992a). 
Habitat: 60-115 m offthe reefslopes ofRarotonga. Well hidden among the cracks and 
1 crevices of lime-stone drop-offs, or among patches of lime-stone rubble. Forms 
harems of 4-6 individuals (Pyle, 1992a). 
Remarks: Centropyge boylei Pyle and Randall most strongly resembles C. 
multifasciatus (Smith and Radcliffe) in terms of general colour pattem and 
morphology. Both species possess distinct vertical bars and thirteen dorsal spines; 
they also share a relatively deep body, steep forehead profile and similar soft dorsal 
and anal fin shape. The generic status of C. multifasciatus (Smith and Radcliffe) 
and C. boylei Pyle and Randall is uncertain (Pyle and Randall, 1993) due to their 
morphological and meristic differences from other members ofthe genus. 
Etymology: This species was named in honour of Charles J. Boyle who first 
discovered the species and collected three of the type specimens (Pyle, 1992a). 
Centropyge colini Smith-Vaniz and Randall, 1974 (Colin's angelfish) 
Centropyge colini Smith-Vaniz and Randall, 1974: Proc. Acad. Nat. Sci. 






] Description: SL to 80 mm (3.1 in); D. XIV，16-17; A. III, 17; P. 15-16; LR 47-48; LL 




Range: West Pacific- Cocos-Keeling Atoll, Belau, Fiji and Guam (Smith-Vaniz and 
Randall, 1974; Myers, 1980). 
Habitat: Clefts and crevices of outer reef dropoffs at depths of 24 to 75 m. Prefers 
1 substrates of scattered coral heads and crevices (Smith-Vaniz and Randall, 1974). 
I Etymology: Named in honour of Dr. Patrick L. Colin, University of Puerto Rico, in 
走 
appreciation of his contributions to the success of the Cocos-Keeling Expedition 
(Smith-Vaniz and Randall, 1974). 
?-
Centropyge debelius Pyle, 1990 
Centropyge debelius Pyle, 1990: Revue fr. Aquariol., vol. 17, pp. 53-56. 
Description: SL to 50 mm (1.97 in); D. XIV，(16)-17; A. III，17; V. I，5; C. 17; LL 33-
36 (35); TR (6)-7/(19)-20; GR [6-(7)]+[(15)-16]; vertebrae 22. 
Range: Mauritius and Reunion (Pyle, 1990a). 
Remarks: Centropyge debelius appears to be most similar to C. nahackyi from 
Johnston Atoll, but also shares similarities with C. interruptus from the north-
western Pacific Ocean (Pyle, 1990a). 
Etymology: This species was named in honour of Mr. Helmut Debelius, who first 
presented an underwater photograph of this species to the describer of this species, 
and who was the first to sight the holotype (Pyle, 1990a). 
Centropyge eibli Klausewitz, 1963 (Eibl's angelfish) 
Centropyge eibli Klausewitz, 1963: Senck. Biol., vol. 44, no. 3，pp. 177-181. 
Description: SL to 150 mm (5.9 in); D. XIV，15; A. III, 16，LR 48 (Klausewitz, 1963). 
Range: Eastem Indian Ocean- Maldives, Australia, Indonesia (Klausewitz, 1963; 
Steene, 1977). 
Habitat: Prefers coral rich areas of 10 - 20 m (Steene, 1977). 
Etymology: This species was named after the German biologist Eibl-Eibesfeldt who 
first collected the species in 1963 (Klausewitz, 1963). 
i r 
f^ 
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1 
Centropyge flavissimus (Cuvier, 1831) (Lemonpeel angelfish) 
Holacanthus flavissimus Cuvier and Valenciennes, 1831: Hist. Nat. Poiss” vol. 
7, p. 197 (type locality, Ulea). 
Holacanthus luteolus Cuvier, 1831: Hist. Nat. Poiss., vol. 7, p. 148 (type 
locality, Tahiti). 
5 Chaetodon luteolus (Parkinson) Cuvier and Valenciennes, 1831: Hist. Nat. 
‘ Poiss., vol. 7，p. 198. 
Holacanthus cyanotis Gunther, 1860: Cat. Fish. Brit. Mus., vol. 2, p. 517 (type 
locality, Aneiteum). 
Holacanthus monopthalmus Kner, 1867: Sitz. Ber. Akad. Wiss. Wien. Math. 
Naturw. K1., vol. 56, p. 714 (type locality, islands of South Sea or west 
coast of South America). 
Holacanthus ocularis Peters, 1868: Monatsb. Akad. Wiss. Berlin, p. 147 (type 
locality, South Seas). 
Holacanthus sphynx De Vis, 1884: Proc. Limi. Soc. N.S.W., vol. 9，p. 457 
(1885). 
Holacanthus loriculus Seale {non loriculus Gunther), 1906: Occ. Papers B.P. 
； Bishop Mus., vol. 4，no. 1, p. 65 (type locality, Tahiti). 
画 Holacanthus uniocellatus Borodin, 1932: Bull. Vanderbit Mus., vol. l, art. 3, p. 
^ 86, pl. l ,fig. 2. 
二 Centropyge flavissimus Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 594, 
— text-fig. 27. 
^ I -
I 
Description: SL to 100 mm (4 in); D. XIV, 15-16; A. III，16; P. 16-17; LR 44-50 
- (Fraser-Brunner, 1933; Myers, 1989). 
^ Range: Western-central Pacific- Cocos-Keeling Atoll to the Line, Marquesan and 
Ducie Islands, north to the Ryukyus, south to New Caledonia and Rapa; throughout 
Micronesia except for Belau and Yap. Rare in Australia- New Guinea region 
(Fraser-Brunner, 1933; Steene, 1977; Myers, 1989). 
Habitat: Inhabits surge channels of as shallow as 3 m. Forms harems (Steene, 1977; 
Myers, 1989). 
Diet: Mainly algae, supplemented by invertebrates such as small crustaceans and 
worms (Steene, 1977). 
Coloration: Juveniles similar in coloration to adults except having a blue-rimmed 
black spot on the side of the body (Steene, 1977). 
Centropyge heraldi Woods and Schultz, 1953 (Herald's angelfish) 
Centropyge heraldi Woods and Schultz, 1953: Bull. U.S. Nat. Mus., vol. 202, 
no. 3, pp. 597-608. 
55 
Description: SL to 120 mm (4.7 in); D. XV, 15; A. III, 17; V. I，5; P. 14-(17); LR 45-
48; TR 8/23-24; vertebrae 10+14=24 (Myers, 1989). 
IRange: Westem^ntrai Pacific- Taiwan to Tuamotus, north to southern Japan, south to the Great Barrier Reef; throughout Micronesia except Belau and Yap (Steene, 
I 1977; Myers, 1989). 
f. 
: Coloration: Centropyge heraldi Woods and SchulU^ resembles C flavissimus (Cuvier) 
except lacks the blue rim at the operculum of thc latter. Large males develop 
$ 
I 
somewhat angular dorsal and anal fms and a dusky patch behind each eye. Morphs 
® from Fiji, Samoa and Tonga have a prominent black spot at the end of the dorsal 
A 
, fin (Steene, 1977). 
圣 Habitat: Occur at steep, coral rich outer reef slopes at depths of 15 to over 40 m， 
occasionally occurs on lagoon reef of as shallow as 5 m. Typically found in pairs 
(Carlson, 1985). 
f Centropyge multifasciatus (Smith and RadclifTe，1911) (Multibarred angelfish) 
Holacanthus multifasciatus SmiUi and RadclifTe, 1911: Proc. U. S. Nal. Mus., 
vol.40，no. 1822’ p. 324, fig. 3. 
Centropyge multifasciatus Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p.594. 
Paracentropyge multifasciatus Burgess, 1991:Trop. Fish Hobb. (U. S.)’ vol. 39， 
no. 7，p. 69，2 figs. 
Description: SL to 93 mm (3.7 in); D. XIII，17-(19); A. III, 17-18; P. 14-15;GR 16-18 
(Smith and RadclifTe, 1911, Burgess，1991). 
Range: WestemH:entral Pacific- Cocos-Keeling Atoll to the Society Islands, north to 
Yaeyamas, souUi to the Great Barrier Reef, Uvoughout Micronesia. (Indonesia, 
Bomeo, Philippines) (Sleene, 1977; Myers，1989). 
Habimt: Inhabits caves and crevices of steep outer reef slopes at depths of 20 to 70 m. 
Occasionally in shallow clear lagoons (Steene, 1977; Myers, 1989). 
Coloration: Body crossed by about ten vertical bars, thc first passing through Uie eyes, 
the last on Uie caudal peduncle (Steene, 1977; Myers, 1989; Burgess, 1991). 
Remarks: Burgess (1991) erected Uie genus Paracentropyge Burgess for this species 
due to its higher body profile and different colour pattem from members of the 
genus Centropyge Kaup. Paracentropyge Burgess, however, was not considered as 





Centropyge narcosis Pyle and Randall, 1993 
Centropyge narcosis Pyle and Randall, 1993: Revue fr. Aquariol., vol. 19，pp. 
115-124, figs. 1-2 (type locality, Rarotonga, Cook Islands). 
Description: SL to 55.2 mm (2.2 in); D. XIV (17)-18; A. III, (17)-18; V. I, 5; P. 16; C. 




Range: Rarotonga, Cook Islands, and possibly other islands in Oceania. 
•j' 
: Habitat: Only within the interstices of the cracks and caves along vertical drop-offs at 
H 
^ depths below 100 meters (Pyle and Randall, 1993). 
Etymology: Centropyge narcosis Pyle and Randall was named after the Greek narke 
meaning numbness or torpor, in reference to the extreme effects of nitrogen 
narcosis experienced by the describer and collectors of this species, Dr. R.L. Pyle 
and Mr. C.J. Boyle while collecting the holotype and other specimens in 1989 
= using conventional SCUBA (Pyle and Randall, 1993). ..1: 
. I .'•：：： 
. | Remarks: Centropyge narcosis Pyle and Randall seems most similar to C colini 
II 
— Smith-Vaniz and Randall from Cocos-Keeling Islands and Micronesia with respect 
丨 to its general colour, morphology, and ecological parameters, although the two 
‘ species differ in a number of morphological characters (Smith-Vaniz and Randall, 
•• 1974; Pyle and Randall, 1993). 
I 
Centropyge nox (Bleeker, 1853) (Midnight angelfish) 
Holacanthus nox Bleeker, 1853: Nat. Tijds. Ned. Indie, vol. 5, p. 338 (type 
locality, Amboina). 
Centropyge nox Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 592. 
Description: SL to 78 mm (3.1 in); D. XlV-XV, 15-17; A. III，16-17; LL 43 (Fraser-
Brunner, 1933; Myers, 1989). 
Range: Westem Pacific _ Indonesia to New Caledonia, north to the Ryukyus, Belau 
and Kapingamarangi in Micronesia (Steene, 1977，Myers, 1989). 
Habitat: Inhabits rubble in coral rich areas of clear lagoon and seaward reefs at depths 
of 10 -70 m (Steene, 1977, Myers, 1989). 
Coloration: Uniformly dark throughout the entire body (Steene, 1977, Myers, 1989). 
•！ 
K 
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Centropyge tibicen (Cuvier, 1831) (Keyhole angelfish) 
f Holacanthus tibicen Cuvier, 1831: Hist. Nat. Poiss., vol. 7，p. 173 (no type 
locality, “Museum of the Low Countries"). 
Holacanthus leucopleura Bleeker, 1853: Nat. Tijds. Ned. Indie, vol. 5，p. 79. 
Centropyge tibicen Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 591. 
Description: SL to 159 mm (6.3 in); D. XIV, 15-17; A. III, 16-17; V. I, 5; P. 16-17; 
I LR 47; LL 38-40; TR 8-9/20-22; GR 6+13; vertebrae 10+14=24 (Fraser-Brunner, 
I 1933; Myers, 1989). 
•tr . 
I Range: Westem Pacific- from southern Japan through the Philippines and Indonesia to 
‘ New South Wales. Extends eastward into Oceania as far as Ifaluk Atoll in the 
_ 
: Caroline Islands in Micronesia and Vanuatu (formerly New Herbrides) in the 
•V 
Southern Hemisphere. Also recorded from westem Australia and Christmas Islands 
in the eastem Indian Ocean (Steene, 1977; Myers, 1989). 
Habitat: Occurs at mixed coral and rubble lagoons and seaward reefs at depths of4-30 
if' 
m (Steene, 1977). 
Feeding: Feeds mainly on benthic algae and detritus (Steene, 1977). 
Remarks: The maximum body length can attain 7” in cooler locations such as Lord 
Howe Islands, while in more tropical areas the maximum body length is only 4" 
(Randall and Nahacky, 1988). Type species of the genus. 
Etymology: This species is named after the Latin tibicen, which means flutist or piper. 
Centropyge vrolicki (Bleeker, 1853) (Pearl-scaled angelfish) 
Holacanthus vrolicki Bleeker, 1853: Nat. Tijds. Ned. Indie, vol. 5, p. 339 (type 
locality, Amboina). 
Holacanthus vrolickii Gunther, 1860: Cat. Fish. Brit. Mus., vol. 2，p. 51. 
Centropyge vrolicki Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 593. 
Description: SL to 100 mm (3.9 in); D. XIV, 15-(16); A. III，16-17; V. I, 5; P. 16-17; 
LR 46-47; LL 44-49; TR 7/22-27; vertebrae 10+14=24 (Fraser-Brunner, 1933; 
Myers, 1989). 
Range: Indo-westem Pacific- east from Africa to the Marshalls and Vanuatu, north to 
southern Japan, south to Lord Howe Islands, throughout Micronesia (Steene, 1977; 
Myers, 1989). 







Remarks: In the westem most Carolines it replaces the lemonpeel angelfish 
(Centropyge flavissimus (Cuvier)). In the Marianas it its relatively rare and readily 
hybridises with the lemonpeel angelfish. (Wedge, 1984; Pyle and Randall, 1994). 
I Subgenus Xiphipops Jordan and Jordan, 1922 




I Centropyge acanthops OSforman, 1922) (African Pygmy angelfish) 
： Holacanthus acanthops Norman, 1922: Ann. Mag. Nat. Hist., ser. 9, no. 9, p. 
:: 318. 
Centropyge acanthops Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 596, 
text-fig. 28. 
Centropyge fisheri Smith (non fisheri Snyder), 1953: Sea Fish. S. Africa, No. 
588. 
Xiphipops fisheri Smith (non fisheri Snyder), 1955: Ann. Mag. Nat. Hist., vol. 
12, no. 8, p. 379, pls. 4-5. 
Xiphipops flavicauda Smith (non flavicauda Fraser-Brunner), 1955: Ann. Mag. 
Nat. Hist., vol. 12, no. 8, p. 380. 
Xiphipops acanthops Smith, 1975: Spec, publ. Smith Inst. Ichth., vol. 14, no. 1, 
p. 45,1975. 
Description: SL to 70 mm (2.8 in); D. XIV, 16-17; A. III, 16-18; P. 16; LR 27-30; LL 
33-37; GR (5-6)+(15-16); lower rear edge of preorbital with 1-4 large spines 
(Fraser-Brunner, 1933). 
Range: Indian Ocean- east African coast form Somali southward to East London, 
South Africa, and Mauritius OS[orman, 1922; Fraser-Brunner, 1933; Smith, 1975, 
1980; Allen, 1979). 
Habitat: Inhabits areas of coral and rubble at depths between 8 and 40 m. Mostly in 
harems of up to ten individuals (Allen, 1979). 
Remarks: Centropyge acanthops O^orman) is closely related to C. aurantonotus 
Burgess and C. argi Woods and Kanazawa of the tropical westem Atlantic and C. 
resplendens Lubbock and Sankey from the Ascension Islands (central Atlantic). C. 
aurantonotus Burgess possess pectoral and caudal fin that are blue in colour, 





Centropyge argi Woods and Kanazawa, 1951 (Cherub Pygmy angelfish, Cherubfish) 
Centropyge argi Woods and Kanazawa, 1951 • 
I D e s c r i p t i o n : SL to 65 mm (2.6 in). 
Range: Westem Atlantic- Caribbean Sea (Allen, 1979; Miller, 1985). 
I Habitat: Mainly found in rubble areas below a depth of 30 m (Allen, 1979; Miller, 
I 1985). 
# 
I Diet: Mainly algae (Allen, 1979). 
I 
f Centropyge aurantonotus Burgess, 1974 (Flameback angelfish) 
I Centropyge aurantonotus Burgess, 1974: Trop. Fish Hobb. (U. S.), vol. 23, no. 
J 3, pp. 90-97 (type locality, Oistins, Barbados). 
效-
I Description: SL to 60 mm (2.4 in); D. XIV-XV, 16; A. 111，17; P. 15; LR 34-35, TR 3-
5/16-18; GR22 (Burgess, 1974b). 
‘ Range: Westem Atlantic- southern Caribbean (Burgess, 1974b; Allen, 1979; Miller, 
I 1985). 
" ! Habitat: Usually found among patches of staghom coral between 16 and 200 m 
， (Allen, 1979). 
^ i ^ ,. 
i ' 
^ Centropyge bispinosus (Giinther, 1860) (Two-spined angelfish; Dusky angelfish) 
工 Holacanthus diacanthus Bleeker {non diacanthus Boddaert), 1857: Act. Soc. 
^ Sci. Ind. Neerl., vol. 2, no. 7, p. 57. 
Holacanthus bispinosus Giinther, 1860: Cat. Fish. Brit. Mus., vol. 2, pp. 48, 516 
(type locality, Amboina; Aneiteum), (on Holacanthus diacanthus {non 
Boddaert)). 
Centropyge tutuilae Jordan and Jordan, 1922: Mem. Camegie Mus., vol. 10, no. 
1, p. 63，pl. 3，fig. 2 (type locality, Tuituila, Somoa). 
Centropyge bispinosus Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 592 
(type locality, Amboina, New Hebrides, Somoa). 
Holacanthus {Centropyge) bispinosus Herre, 1953: Res. Rep.，Dept. U. S. Fish 
Wildlife, 20, p. 53 (type locality, Philippines). 
Description: SL to 120 mm (4.7 in); D. XIV，16-18; A. III, 16-19; V. I，5; P. 15-17; 
LR 42-45; LL 44-45，TR 7/19; GR (6-8)+(16-17); vertebrae 10+14=24 (Fraser-
Brunner, 1933; Myers, 1989). 
Range: Indo-westem Pacific- East from Africa to the Tuamoutus, north to the Izus, 
south to Lord Howe Islands; throughout Micronesia, east to Tahiti in the central 







Habitat: Prefer dropoffs at depths >5 m. Usually solitary or in small aggregates 
(Steene, 1977). 
Centropygeferrugatus Randall and Burgess, 1972 (Rusty angelfish) 
Centropygeferrugatus Randall and Burgess, 1972: Pacific Marine Fish, Book 1， 
p. 20，figs 1, 30-31 (type locality, Ishigaki, Okinawa, Amami-Oshima, 
Ryukyu Islands). 
Centropyge potteri Jones, Randall, Cheng, Kami and Mak {non potteri Jordan 
and Metz), 1972: Inst. Oceanography, Nat. Taiwan Univ. Spec. Publ. no. 
1, p.81 (Hung-Chun, Taiwan). 
Description: SL to 100 mm (4 in); D. XIII-XIV，16-17; A. III, 17-18; V. I, 5; P. 16-
18; LR 43-45; LL 44-46; TR 7/20; GR 20-23; vertebrae 10+14=24 (Burgess and 
Axelord, 1972). 
Range: Westem Pacific- from Tanabe Bay (Southern Japan) to the south-westem tip 
ofTaiwan (Randall and Burgess, 1972; Steene, 1977). 
Habitat: Inhabits reefs of depths 10 to 30 m. Usually solitary (Burgess and Axelord, 
1972; Steene, 1977). 
Remarks: Closely related to Centropyge bispinosus (Gimther), which have short 
vertical spots rather than narrow vertical bars. C, ferrugatus Randall and Burgess 
differs in having tnmcate caudal fm, higher body depth and short, vertical black 
blotches (Burgess and Axelord, 1972). The synonym Centropyge potteri Jones et 
al. (non potteri Jordan and Metz) has been confirmed to be wrongly used by Prof. 
S.C. Shen of The National University of Taiwan (Shen, personal communication). 
Etymology: This species was named after the Latin ferrugat, which describes the iron 
red coloration characteristic of the species (Burgess and Axelord, 1972). 
Centropyge fisheri (Snyder, 1902) (Fisher's Pygmy angelfish) 
Holacanthus fisheri Snyder, 1902: Bull. U.S. Fish Comm., vol. 22, p. 532, pl. 2, 
b fig. 21，(1904) (type locality, off Diamond Head, Oahu). 
Xiphipops fisheri Jordan and Jordan, 1922: Mem. Camegie Mus., vol. 10, no. 1, 
p. 64. 
Centropyge fisheri Fraser-Brumier, 1933: Proc. Zool. Soc. Lond., p. 596 (type 
locality, Hawaii). 
Holacanthus (Centropyge) fisheri Kamohara, 1958: Rep. USA Marine Biol. 
Stat., vol. 5, no. 1，p. 44 (type locality, Wakayama Prefecture, Japan). 
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Description: SL to 60 mm (2.4 in); D. XIV，16; A. III，16; V. I，5; P. 15; LL 44; TR 
6/17 (Fraser-Brunner, 1933). 
Range: Only recorded in Taiwan (south-western tip) and the Hawaiian Islands (Allen, 
1979). 
I Habitat: Usually found among dead coral rubble at depths below 30 m (Allen, 1979). 
f 
1 Remarks: Closely related to Centropyge flavicauda Fraser-Brunner of the westem 
r5 � 
； Pacific (Fraser-Brunner, 1933; Allen, 1979). 
st,. 
: 
Centropyge flavicauda Fraser-Brunner, 1933 (White-tail angelfish) 
’ Centropyge flavicauda Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 597, 
text-fig. 29 (type locality, China Sea). 
Centropyge caudoxanthurus Shen, 1973: Rep. Inst. Fish Biol. Nat. Taiwan 
Univ., vol. 3, no. 1, p. 70，figs. 75-76 (type locality, Ho-bi-hou，south-
western tip of Taiwan). 
Description: SL to 57 mm (2.2 in); D. XIV, 15-16; A. III，17; V. I，5; P. 16; LL 40; 
TR 5/16; vertebrae 10+14=24 (Fraser-Brunner, 1933; Myers, 1989). 
Range: Indo-Pacific- East to Tuamotus (Africa), north to southern Japan, south to the 
Great Barrier Reef; Belau and the Marshalls in Micronesia (Fraser-Brunner, 1933; 
Steene, 1977; Myers, 1989). 
Coloration: Body dark colored, ranges from greenish to bluish brown. Males have a 
blue margin on dorsal and anal fms. Tail creamy colored (Burgess and Axelord, 
1972). 
Habitat: occurs on rubble bottoms of channel or outer reef slopes at depths of 10- 60 
m (Steene, 1977). 
Remarks: Centropyge flavicauda Fraser-Brunner appears to be closely related to C. 
potteri Jordan and Metz and C. fisheri (Synder) of the Hawaiian Islands. There are 
several instances where the Japanese fauna seems to be closely related to the 
Hawaiian fauna (Steene, 1977). 
Centropyge flavipectoralis Randall and Klausewitz, 1977 (Yellowfin Pygmy 
angelfish) 
Centropyge flavipectoralis Randall and Klausewitz, 1977: Senck. Biol., vol. 57, 
no. 4/6，pp. 235-240. 
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Description: SL to 100 mm (4 in); D. XIV-(XV), 14-(15); A. III，17 (16-18); V. I，5; 
P. (16)-17; C. 17; LR 45 (44-46); LL 34-(35); TR 7/(19-21); GR [(5)-6]+13, 
vertebrate 10+14=24 (Randall and Klausewitz, 1977). 
！ Range: Indian Ocean- only found near Sri Lanka (Randall and Klausewitz, 1977; 
IAllen, 1979). 
Habitat: In rubble areas with little coral growth at depths of 3 to 12 m (Randall and 
Klausewitz, 1977; Allen, 1979). 
Etymology: Centropyge flavipectoralis Randall and Klausewitz was named in 
reference to the bright yellow pectoral fins (Randall and Klausewitz, 1977). 
Remarks: Closely related to Centropyge multispinis (Playfair) which range includes 
I Sri Lanka, Indian Ocean and Red Sea. The pectoral fms of C. flavipectoralis 
1 
I Randall and Klausewitz is yellow in colour，while that of C. multispinis (Playfair) 
£ is more or less transparent (Randall and Klausewitz, 1977; Allen, 1979). 
I Centropyge hotumatua Randall and Caldwell, 1973 (Hotumatua's Pygmy angelfish) 
1 Centropyge hotumatua Randall and Caldwell, 1973: Contri. Sci. Los Angeles 
I - County Mus., no. 237, pp. 1-11，figs 3-4. 
f Description: SL to 80 mm (3.1 in); D. XIV, (17)-18; A. III，18;，V. I，5; P. 17; C, 15; 
i 
I LR (45) 43-46; LL (36) 34-37; TR 7/19; GR 6+17 (Randall and Caldwell, 1973). 
i Range: South Eastem Oceania- Rapa, Pitcaim Group, Raivavae in the Austral Islands. 
I Easter Islands (Randall and Caldwell, 1973; Allen, 1979; Robins et aL, 1991). 
^ 
； Habitat: found in areas rich coral or rock with numerous crevices, depth between 14 
； and 45 m (Randall and Caldwell, 1973; Allen, 1979). 
Remarks: Closely related to Centropyge joculator of the Cocos-Keeling Island group 
(Randall and Caldwell, 1973; Allen, 1979). 
' Centropyge interruptus (Tanaka, 1918) (Japanese Pygmy angelfish) 
• Holacanthus interruptus Tanaka, 1918: Do-butsugaka Zasshi, vol. 30, pp. 22-
227. 
Centropyge interruptus Allen, 1979: Butterfly and angelfishes of the world, vol. 
1 2, p. 267,figs. 370-371. 









Range: Southern and central coastal Japan, Bonin Islands (Ogasawara Islands), Kure 
Atoll O^orthem most of Hawaiian Archipelago), Midway Island, Taiwan (Allen, 
I 1979; Randall, 1981). 
I Habitat: Inhabits rocky areas at depths of about 15 to at least 60 m. Usually in pairs or 
I 
*• harems (Tominaga and Yasuda, 1973; Allen, 1979). 
� Coloration: Juveniles are characterised by having a blue-edged black spot on the soft 
] dorsal fin. Males have an operculum marked by heavy blue lines, while females 
have an orange opercular area flecked with small blue dots (Pyle, 1990b). 
'. 
i Centropyge joculator Smith-Vaniz and Randall, 1974 (Cocos Pygmy angelfish) 
Centropyge joculator Smith-Vaniz and Randall, 1974: Proc. Acad. Nat. Sci. 
Philad., vol. 126, no. 8，pp. 106-110, figs. 1，3 (type locality, Cocos-
Keeling Islands). 
Description: SL to 90 mm (3.5 in); D. XIV，16-17; A. III, 17; V. I, 5; P. 16-(17); LL 
33-36; TR 5-7/17-20; GR (6-8)+(17-18); vertebrae 10+14=24 (Smith-Vaniz and 
’ Randall, 1974). 
Range: Indian Ocean- Cocos-Keeling Islands and Christmas Island (Smith-Vaniz and 
Randall, 1974; Allen, 1979). 
Habitat: Inhabits coral and rubble areas on the steep outer reef slope at depths between 
15 and 70 m. Usually solitary (Allen, 1979). 
Coloration: The posterior part of the dorsal fin is slightly more elongate in the males 
(Smith-Vaniz and Randall, 1974). 
Etymology: The Latin joculator alludes to the bold gaudy life coloration of this 
species (Smith-Vaniz and Randall, 1974). 
Centropyge loriculus (Gunther, 1874) (Flame angelfish) 
Holacanthus loriculus Gunther, 1874: Jour. Mus. Godeffroy，vols. 2-3，pts. 5-6, 
p. 53, pt. 40, fig. C (type locality. Society islands). 
Centropyge loriculus Steene, 1978: Butterfly and angelfishes of the world, vol. 
l ,p . 104,figs. 153-154. 
Description: SL to 120 mm (4.7 in); D. XIV，16-18; A. 111，17-18; P. 17-18; LR 44-






| - Range: Westem Pacific- Belau to the Hawaiian, Marquesan, and Ducie Islands, 
I southwest to Egum Atoll and Somoa; throughout Micronesia (Steene, 1977，Myers, 
1989). 
ite''. 
Habitat: Occurs in areas of rich coral growth or clear lagoon, and outer reef slopes 
“ from the lower surge zone to a depth of as deep as 75 m. Very secretive and always 
： stay close to shelter (Steene, 1977, Myers, 1989). 
: Coloration: Body brilliant red, dorsal and anal fins of large males develop a brilliant 
獸 
I blue trim (Steene, 1977, Myers, 1989). 
I 
1 Centropyge multicolor Randall and Wass, 1974 (Multicolor Pygmy angelfish) 
I Centropyge multicolor Randall and Wass, 1974: Jap. J. Ichth., vol. 21, no. 3, pp. 
_ 173-144，fig. 1 (type locality, Enewetak Atoll, Marshall Islands). 
m. 
I 
： Description: SL to 90 mm (3.5 in); D. XIV, (16)-17; A. III, 17; V. I, 5; P. 16-17; LR 
1 (45) 44-46; LL 35-(37); TR 7/18-19; GR (6-7)+16, vertebrate 10+14=24 (Randall 
f-
I and Wass, 1974; Myers, 1989). 
I ^ Range: Central-western Pacific- Caroline (Pohnepi, Kosrae)，Marshall, Society, Cook, 
I and Hawaiian Islands (Randall and Wass, 1974; Allen, 1979; Myers, 1989). 
¥• 
I Habitat: Steep outer reef slopes at depths of 20 to 90 m. Typically occurs in small 
藥… 
I； tracks of rubble between areas of rich coral growth. Secretive (Randall and Wass, 
_ 丨 1974; Allen, 1979; Myers, 1989). 
； . 1 .. 
Centropyge multispinis (Playfair, 1867) (Many-spined angelfish, Dusky cherub) 
臺站 Holacanthus multispinis Playfair, 1867: in Playfair and Giinther (1866), The 
§ — fishes ofZanzibar, J. van Voorst, Lond., p. 37, pl. 6, Fig. 4 (type locality, 
I Zanzibar). 
！ Centropyge bispinosus Smith {non bispinosus Giinther), 1953: Sea Fish. S. 
： Africa, No. 587. 
黎 Centropyge multispinis Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 591. -:$^. 4 
I Description: SL to 140 mm (5.5 in); D. XIII-XV(XIV), 15-17; A. III, 17-18; P. 15-
f (17); LR 45-48; LL 38; GR (4-5)+(12-13) (Fraser-Brunner, 1933). 
I Range: Indo-west Pacific- Red Sea, Maldives, Seychelles, south to Natal, Sri Lanka, 
I Australia (only reported in Darwin) (Fraser-Brunner, 1933; Steene, 1977; Randall, 
-'T 
1 1983； Smith and Heemstra, 1986). 65 
I Centropyge nahackyi Kosaki, 1989 
I Centropyge nahackyi Kosaki, 1989: Copeia, no. 4，pp. 880-886, 2 figs (type 
1 locality, Johnson Atoll). 
i 
s 
: Descriptions: SL to 75.1 mm (3 in); D. (XIV)-XV, 16; A. III，17; P. (16)-17; V. I，5， 
C. 17; LL 35-(37); TR 6/18-20(19); GR (6-7)+(15-16); vertebrae 10+14=24 
(Kosaki, 1989). 
Range: Johnson Atoll and Hawaiian Islands (Kosaki, 1989). Found in deep reefs (25 
> 
. to 75 m or deeper) characterised by a gently sloping bottom without ledges or other 
'' large scale vertical relief. The bottom is primarily eroded limestone, with little live 
I coral even in shallow water. 
'i^-
Habitat: Adults were usually observed in small clusters of 6-12 individuals. Juveniles 
were observed with adults as well as alone (Kosaki, 1989). 
Etymology: Centropyge nahackyi Kosaki is named after Mr. Anthony Nahacky, an 
aquarium fish collector who made numerous contributions to research on Indo_ 
Pacific reef fishes (Kosaki, 1989). 
Centropyge nigriocellus Woods and Schultz, 1953 (Black-spot angelfish) 
Centropyge nigriocellus Woods and Schultz, 1953: Bull. U.S. Nat. Mus., vol. 
202, pp. 607-608 (type locality, Johnson Atoll). 
Description: SL to 60 mm (2.4 in); D. XIII, 15; A. III, 15; P. 17; LR 44 (Myers, 
1989). 
Range: Westem Pacific- northern Mariana, Rangiora, Phoenix, Admiralty, Samoan, 
Society, Line (Fanning Islands), and Johnson Islands (Allen, 1979，Myers, 1989; 
Pyle and Kosaki, 1989). 
Habitat: Inhabits shallow water (4-15 m) of dead coral and rubbles. Cryptic species, 
reported to remain well within the confines of the coral reef structure throughout 
their lives (Pyle and Kosaki, 1989). 
Feeding: Observed to graze on the bottom. Examination of stomach contents yielded 
filamentous algae, sponge spinules, and much unidentified detritus (Pyle and 
Kosaki, 1989). 
； Remarks: Centropyge nigriocellus Woods and Schultz closely resembles C 
5i. 
multicolour Randall and Wass from the central and westem Pacific (Marshall 





Centropygepotteri (Jordan and Metz, 1912) (Potter's Pygmy angelfish) 
Holacanthus potteri Jordan and Metz, 1912: Proc. U.S. Nat. Mus., vol. 42, p. 
525, pl. 71, fig. 1 (type locality, Honolulu). 
iCentropyge potteri Jordan and Jordan, 1922: Mem. Camegie Mus., vol. 10, no. 1，p. 62, pl. 3, fig. 1 (Honolulu). 
I Description: SL to 100 mm (4 in); D. XIV, 18; A. III，18; V. I, 5; P. 17; C. 21; LR 
‘ 6/20; LL 31 ； GR 7+17; vertebrate 10+13=23. 
: Range: Only in Hawaiian Islands (Allen, 1979). 
' : . 
Habitat: In coral and rubble areas below 30 m. Usually solitary (Allen, 1979). 
Diet: sponge and algae (Allen, 1979). 
Centropyge resplendens Lubbock and Sankey, 1975 (Resplendent Pygmy angelfish) 
Centropyge resplendens Lubbock and Sankey, 1975: Bull. Br. Mus. Nat. Hist. 




1 Description: SL to 60 mm (2.4 in); D. XIV, 16; A. III, 17; V. I, 5; P. 16, C. 17; LR 
i‘ 
” 6/14; GR (5-6)+(15-16) (Lubbock and Sankey, 1975). 
Range: Tropical central Atlantic- Only from Ascension Islands (Lubbock and Sankey, 
, 1975; Allen, 1979). 
； Habitat: Inhabits rocks and rubbles at depths between 15 and at least 40 m (Lubbock 
;： and Sankey, 1975; Allen, 1979). 
Coloration: The anal fin of the male has much more yellow than that of the female, 
which is primarily blue in colour (Allen, 1979). 
Etymology: The name resplendens is derived from the Latin for resplendent, and 
refers to the beautiful coloration of the species (Lubbock and Sankey, 1975). 
Centropyge shepardi Randall and Yasuda, 1979 (Shepard's angelfish) 
Centropyge shepardi Randall and Yasuda, 1979: Jap. J. Ichth., vol. 26，no. 1， 
pp. 55-61, 3 figs. (type locality, Marianas and Ogasawara (Bonin) 
Islands). 
Description: SL to 120 mm (4.7 in); D. XIV，16-18; A. III，(17)-18; V. I, 5; P. 16-
(17); LR (46) 45-47; LL 34-38; GR (7-8)+(17-19); vertebrae 10+14=24 (Randall 





Range: Pacific Ocean- Marianas and Bonin (Ogasawara) Islands，Guam, straying to 
the Izus (Allen, 1979; Randall and Yasuda, 1979). 
Habitat: Outer reefslopes at depths of 10 to 56 m. Occasionally occur at shallow clear 
lagoons of as shallow as 1 m. More often in areas of mixed dead and live coral with 
numerous shelters and holes. Usually solitary or in small haremic groups. 
Coloration: Variable, the ground colour may range from almost red to light apricot 
1and the dark stripes in some cases reduced to a patch behind the operculum, or in rare cases, be totally absent. Similar to Centropyge loriculus (Gunther) from the 
i central Pacific and C bispinosus (Giinther) from Pacific and Indian Oceans, males 
develop blue trim in dorsal and anal fins (Allen, 1979; Randall and Yasuda, 1979). 
Etymology: This species is named after Mr. John W. Shepard who collected C. 
bispinosus (Gunther) in Guam and showing its co-existence with C. shepardi 
1 Randall and Yasuda, and also remarked the differences in pectoral fm ray counts of 
3 
I the two species (Randall and Yasuda, 1979). 
Genus Genicanthus Swainson, 1839 
Genicanthus Swainson, 1839: Nat. Hist. Fishes. II. p. 212. 
Type species: Holacanthus lamarck Lacepede, 1802 
Genicanthus bellus Randall, 1975 (Omate angelfish) 
Genicanthus bellus Randall, 1975: Bull. Mar. Sci., vol. 25, no. 3, pp. 402-406, 
pl. 1，p. 403, middle and lower fig.(type locality, Tahiti, Society Islands). 
,•..[‘ 
f Description: SL to 170 mm (6.7 in); D. XV，15-16; A. III, 16-17; P. 16-17; LR 46-48; 
LL 44; TR 10/24; GR (4-5)+(12-14); vertebrae 10+14=24 (Randall, 1975; Myers, 
1989). 
Range: Western-central Pacific and Eastem Indian Ocean- Tahiti, Cocos-Keeling 
Atoll, Philippines, Guam, Marshalls (Randall, 1975; Allen, 1979; Myers, 1989). 
t . 
Habitat: Occurs in small aggregates along steep outer reef steep dropoffs at depths of 
45 to more than 97 m (Allen, 1979). 
Etymology: This species is named bellus from the Latin for beautiful, as it is the most 







j - Genicanthus caudovittatus (Gunther, 1860) (Zebra Lyretail angel, Swallowtail 
5 angelfish) 
Holacanthus caudovittatus Gunther, 1860: Catalogue of the Acanthopterygian 
fishes in the British Museum, vol. 2, p. 44 (type locality, Mauritius). 
Holacanthus zebra Lienard in Sauvage, 1891: Hist. Madag. Poiss., vol. 16, p. 
263, pl. 32, fig. 2 (type locality, Mauritius). 
Holacanthus caudibicolor Lienard in Sauvage, 1891: Hist. Madag. Poiss., vol. 
14，p. 267, pl. 33, fig. 2 (type locality, Mauritius). 
I Genicanthus melanospilus Smith {non melanospilus Bleeker), 1955: Ann. Mag. 
Nat. Hist., vol. 12, no. 8, p. 381 (male specimens). 
Genicanthus caudovittatus Smith, 1955: Ann. Mag. Nat. Hist., vol. 12，no. 8, p. 
382 (female specimens). 
Description: SL to 250 mm (9.8 in); D. XIV-(XV), 15-17; A. III, 17-19; P.16; LR 45-
47; GR(3-5)+(ll-13) (Randall, 1975). 
Range: Westem Indian Ocean- East Africa coast to Pinda, Mozambique, Mauritius, 
and Red Sea (Randall, 1975; Allen, 1979). 
Habitat: In steep slopes between 25 and 50 m. In reef, slightly smaller females live in 
schools and also seek out open water, the males are solitary and spent more time 
near the bottom (Allen, 1979). 
Coloration: Similar in appearance to Genicanthus melanospilos (Bleeker) from the 
westem Pacific. The males has more dark vertical bars along the body and exhibits 
a broad blackish area along the base of the dorsal fin. Females are light blue in 
ground colour with a dark bar above the eye (Allen, 1979). 
Genicanthus lamarck (Lacepede, 1802) (Lamarck's angelfish) 
Holacanthus lamarck Lacepede, 1802: Hist. Nat. Poiss., vol. 4，pp. 526, 530 (no 
type locality: “from the Dutch collection"). 
Genicanthus lamarckii Swainson, 1839: Nat. Hist. Animals, vol. 2，p. 212. 
Holacanthus lamarckii Gunther, 1873: Cruise ‘Curacao，, Brenchey, p. 410. 
Holacanthus lamarcki Bleeker, 1877: Atlas Ichth. Ind. Neerl., Vol. 9，p. 59，pl. 
9, p. 371,fig. 4. 
Holacanthus lamarcki japonicus Schmidt, 1930: Trans. Pacific Comm. Acad. 
Sci. U.S.S.R., p. 99, pl. 5，fig. 2 (type locality, Itoman, Okinawa); (female 
specimen). 
Holacanthus chapmani Herre, 1933: Copeia, 1933, no. 1, pp. 17-25 (type 
locality, Dumaguete, Oriental Negros, Philippine Islands). 








Description: SL to 230 mm (9.1 in); D. XV，15-16; A. III, (17)-18; P. (16)-17; LR 45-
47; LL 48-50; GR 4-12 (Fraser-Brunner, 1933; Randall, 1975). 
i Range: Indo-westem Pacific- Indo-Australian Archipelago, Solomons Islands, New 
Herbrides (Vanuatu), South China Sea, Philippines, Ryukyu Islands, north to Japan 
(Steene, 1977; Frische, 1993). 
Habitat: Found in aggregates adjacent to steep slopes at depths between 20 and 60 m. 
Occasionally found solitary (Steene, 1977). 
Coloration: Sexual dimorphism is evident in this species. Males have a bright yellow 
spot on the forehead, and more elongate caudal filaments (Steene, 1977). 
Genicanthus melanospilos (Bleeker, 1857) (Black-spot angelfish) 
Holacanthus melanospilos Bleeker, 1857: Acta. Soc. Sci. Indo-Neerl., vol. 2., p. 
56., (type locality, Amboina, East Indies). 
Genicanthus melanospilos Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., p. 
574. 
Genicanthus macclesfieldiensis Chan, 1965: Ann. Mag. Nat. Hist., vol., 13, no. 
8, p. 330, figs. 4-5 (type locality, Macclesfield Bank, South China Sea) 
(Junior synonym, female). 
Description: SL to 149 mm (5.9 in); D. XV，15-17; A. III, 17-(18); V. I，5; P.15-
17(16); C. 17; LR 46-48; TR 7-9/22-25; GR [3-(4)]+[(12)-13] (Fraser-Brunner, 
1933; Shen and Lim, 1975; Myers, 1989). 
Range: Westem Pacific: South China Sea and Indonesia to Fiji, north to Ryukyus, 
south to Rowley Shoals and New Caledonia; Belau in Micronesia (Steene, 1977, 
Myers, 1989). 
Habitat: Occurs in areas of rich coral growth mixed with sand at depths of 3 to 60 m. 
Usually occurs in pairs (Steene, 1977). 
Remarks: Genicanthus melanospilos (Bleeker) is closely related to G. caudovittatus 
(Giinther) inhabiting Red Sea and Indian Ocean. Yasuda and Tominaga (1970) 
have shown that the original spelling for this species is melanospilos, not 
melanospilus, which Fraser-Brunner (1933) mistakenly used. In his paper Fraser-
Brunner also mistakenly considered Holacanthus semicinctus Waite as a synonym 
of Genicanthus melanospilos (Bleeker). In the review of Randall (1975), 





Genicanthus personatus Randall, 1975 (Masked angelfish) 
Genicanthus personatus Randall, 1975: Bull. Mar. Sci., vol. 25, no. 3, p. 418-
420, pl. 1，p.403, table 4 (type locality, Oahu, Hawaiian Islands). 
'.¾'.-‘ 
？ Description: SL to 210 mm (8.3 in); D. XIV, (17)-18; A. III，17; P. 17; LL 44; GR (4-
5)+12, vertebrae 10+14=24 (Randall, 1975). 
Range: Only observed in northern Hawaiian Archipelago and Midway Islands 
(Randall, 1975; Allen, 1979; Pyle, 1990c). 
Habitat: In coral reefs at depths of 23-84 m，(Toyama, 1988), exhibits sexual 
dimorphism and proved to be protogynous. Sex change commences at standard 
lengths of 7-8 inches, did not seem to have rigid haremic social organisations, but, 
rather, the males and females seemed loosely grouped in clusters of 14 to 20 fish， 
with a sex ratio ofone male to 3-4 females (3-5 males per cluster) (Pyle, 1990c). 
Diet: Planktivorous, smaller females seemed to more associate with the coral 
substrate. Stomach contents of examined specimens include Dictyosphaeria, 
Botryocladia, Amansia, and Codium algae, a few larval fish and fish eggs also 
reported (Pyle, 1990c). 
Coloration: Females grey-white in colour except for two vertical bands, one covering 
the face and one through the base of the caudal peduncle. Females have yellowish 
trim on the pelvic fins. Males have golden face and fins, and lack the dark bands of 
the females (Randall and Struhsaker, 1976; Pyle, 1990c). 
Etymology: this species was named personatus from the Latin for "Masked" (Pyle, 
1990c). 
Remarks: With its greater body depth, least emargination of caudal fin; and XIV 
dorsal spines, this species has been suggested to be the most primitive and more 
related to the genus Holacanthus Lacepede (Randall, 1975). 
Genicanthus semicinctus (Waite, 1900) (Half-banned angelfish) 
Holacanthus semicinctus Waite, 1900: Rec. Aust. Mus., vol., 3, no. 7, p. 204, pl. 
36 (type locality. Lord Howe Island). 
Genicanthus semicinctus Randall, 1975: Bull. Mar. Sci., vol. 25, no. 3，pp. 413-
415,figs. 14-15. 
71 
I • Description: SL to 180 mm (7.1 in.); D. XV，17; A. III，18-19; P. 17-18; LR 49-50; 
I GR [(4)-5]+[12-(13)] (Randall, 1975). 
i Range: Only recorded in Lord Howe Island, Australia (Randall, 1975; Allen, 1979). 
I Habitat: Inhabit deep reef areas at depths of at least 40 m (Randall, 1975; Allen, 
� 1979). 
I Remarks: Fraser-Brunner (1933) have been mistaken in regarding G. semicinctus 
(Waite) as a synonym of G. melanospilos (Bleeker). 
I Genicanthus semifasciatus (Kamohara, 1934) (Japanese Swallow) 
f Holacanthus semifasciatus Kamohara, 1934: Zool. Mag., vol. 46p. 459, fig. 2 
I (type locality, Kashiwajima, K6chi Prefecture, Japan). 
1 Genicanthus semifasciatus Matsbara, 1955: Fish Morphology and Hierarchy. 2. 
^ Ishizaki Shoten, Tokyo, p. 937 (part, in key). 
Holacanthus (Genicanthus) semifasciatus Okada, 1966: New Illu. Encycl. of 
； Fauna Japan, vol. 2, Hokuryukan Co., Japan, p. 394，fig. 984 (type 
* locality, Japan). 
: Holacanthus fuscosus Yasuda and Tominaga, 1970: Jap. J. Ichth. vol. 17, no. 4， 
: p. 141, figs. 1-2, 13 (type locality, Sanbon-ne, Miyako-Jima, Japan) 
Qunior synonym, female form). 
Genicanthus fucosus Burgess and Axelord, 1972: in Pacific Marine Fishes, 
Book 1, p. 17，fig. 9 (type locality, Miyako Islands) (female form). 
Description: SL to 210 mm (8.3 in); D. XV, (15)-16; A. III, 17; V. I，5; P. 16-(17); LL 
35-40; LR 46-48; GR (4-5)+(12-13); vertebrae 10+14=24 (Yasuda and Tominaga, 
1970; Randall, 1975). 
Range: Western-central Pacific- From northern Japan, southwards to the Ryukyu 
Islands, Taiwan, and the northern Philippines (Kamohara, 1934; Okada, 1966; 
Steene, 1977; Randall, 1975). 
Habitat: Inhabits rocky areas at depths from 10 to at least 100 m (Steene, 1977). 
Coloration: Shen and Liu (1976) described female to male sex inversion in aquarium 
specimens. Change in coloration occurs at standard lengths between 80 and 110 
mm. 
Remarks: Shen and Lim (1975) described the species based on 4 specimens (3 
females and 1 male) collected from north-eastem and south-eastern coasts of 
Taiwan. In the report the meristic characters of male and female was different: the 
male was D. XV，17; LL 40; TR 8/15，and the females were D. XIV，16; LL 35-38; 




hermaphrodites (Randall, 1975; Steene, 1977; Allen, 1979), it is of great interest to 
know whether meristic characters would change with changes in gonadal structure 
and body coloration during sex inversion. Efforts have been made to clarify this 
difference in meristic characters between the sexes with the original authors (i.e. 
whether these characters are sex-related or merely individual differences), but there 
is no reply from Prof. Shen of the National University of Taiwan up to the final 
靈 stage of completion of this thesis. 
1 Genicanthus spinus Randall, 1975 (Pitcaim angelfish) 
Genicanthus spinus Randall, 1975: Bull. Mar. Sci., vol. 25, no. 3，pp. 415-418, 
figs. 16-17, table 3 (type locality, Pitcaim Island). 
Description: SL to 350 mm (13.8 in); D. XV, 16-(17); A. 111，(18)-19; P. 17; LR 49-
！ 54; LL 43-47; TR 8/23; GR (4-5)+(12-14); vertebrae 10+14=24 (Randall, 1975). 
^ 
二 Range: Oceania- Pitcaim Islands and Austral Islands (Randall, 1975，Allen, 1979). 
I Habitat: Inhabits rock and coral reefs at depths from 30 to 60 m. Usually forms 
I aggregates that swim high above the substratum (Allen, 1979). 
, Diet: Mainly zooplankton and some benthic organisms (Allen, 1979). 
^ Remarks: Genicanthus spinus Randall is closely related to Genicanthus semicinctus 
1 (Waite) from Lord Howe Island. 
； Etymology: The scientific name refers to the large anterior preorbital spine of the 
-S 
m. 
I species (Randall, 1975). ,^ , 
i ^
i Genicanthus watanabei (Yasuda and Tominaga, 1970) (Watanabe's angelfish) 
I Holacanthus caudovittatus Watanabe {non caudovittatus Giinther), 1949: Bull. 
3 Biogeogr. Soc. Jpn. vol. 18，no. 4，p. 40，fig. 4 (Zamami-shima, Ryukyu 
i Islands). 
I Genicanthus caudovittatus Matsubara {non caudovittatus Giinther) 1955: Fish 
J Morphology and Hierarchy. 2. Ishizaki Shoten, Tokyo, p. 937 (part, in 
I key). 
1 Holacanthus watanabei Yasuda and Tominaga, 1970: Jap. J. Ichth. vol. 17，no. 
i 4. p. 144, figs. 3-4, 6-7, 11-12 (type locality, Onna Beach, Okinawa-Jima, 
I Ryukyu Islands). 
1 Genicanthus watanabei Burgess and Axelord, 1972: Pacific Marine Fishes, 
i Book 1, Trop. Fish. Hobb. Publ., New Jersey, figs. 21-22 (type locality, 
Okinawa). 
Genicanthus vermiculatus Shen and Lim, 1975: Bull. Inst. Zool., Academia 




Description: SL to 150 mm (5.9 in); D. (XV)-XVI, 15-(16); A. III, 16-(17); V. I, 5; P. 
16; LR 45-48; LL 42; TR 7-8/17-18; GR [4-5]+[12-(13)], vertebrae 10+14=24 
(Watanabe, 1949; Yasuda and Tominaga, 1970; Randall, 1975). 
I Range: Western-central Pacific- Taiwan to the Tuamotus, north to the Ryukyus, south 




5 Habitat: Inhabits outer reef slopes and dropoffs with strong currents at depths of 25 to ？ 
‘ 81 m (Steene, 1977). 
:;.i. 
,^  、％ 
.,,i 
Genus Holacanthus Lacepede, 1803 
Holacanthus Lacepede, 1803: Hist. Nat. Poiss., vol. 4, p. 525. 
Angelichthys Jordan and Evermann, 1895: Rep. U.S. Fish. Comm., pt. 21, 1896, 
p. 420 (Chaetodon ciliaris Linn.). 
Plitops Fraser-Brunner, 1933: Proc. Zool. Soc. Lond.，pp. 581-584. 
Type species: Chaetodon tricolor Bloch, 1795. 
I 
Subgenus Angelichthys Jordan and Evermann, 1895 
Angelichthys Jordan and Evermann, 1895: Rep. U.S. Fish. Comm. pt. 21, 1896, 
p. 420 (Chaetodon ciliaris Linn.). 
Holacanthus africanus Cadenat, 1950 (West African angelfish) 
Holacanthus africanus Cadenat, 1950: Poissons de mer du Senegal. Institut 
francais d'Afrique Noire, Dakar, III，pp. 1-345. 
Description: SL to 450 mm (17.7 in). 
Range: Eastem Atlantic- Tropical west Africa between Senegal and Congo (Allen, 
1979). 
Habitat: Inhabits rocky reef at depths from 2 to at least 40 m (Allen, 1979). 
Coloration: Ontogenic dimorphism is evident (Allen, 1979). 
Holacanthus bermudensis (Jordan and Rutter), 1898 (Blue angelfish) 
Angelichthys isabelita Jordan and Rutter, 1898: Fishes of North and Mid. 
Amer., p. 1685 (type locality, Key West, Florida). 
Angelichthys townsendi Nichols and Mowbray, 1914: Bull. Amer. Mus. Nat. 
Hist., vol. 33, p. 581 (Key West, Florida), (bermudensis x ciliaris Hybrid). 
Holacanthus ciliaris isabelita Fraser-Bnmner, 1933: Proc. Zool. Soc. Lond., p. 
586 (type locality, Bermudas). 
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I “ Holacanthus bermudensis Steene, 1977: Butterfly and angelfishes ofthe world, 
I vol. 1，p. 286-287, figs. 414-416. 
‘ Description: SL to 450 mm (17.7 in) D. XIV, 20-21; A. III, 21; V. I，5; P. 17; C. 17 
(Fraser-Brunner, 1933; Chung, personal observation). 
Range: Western-central Atlantic- Caribbean Sea; Gulf of Mexico, southern Florida, 
f--
Bermuda, and the Bahamas (Feddem, 1968b; Allen, 1979; Miller, 1985). 
j Habitat: Inhabits reefs at depths of 10 to at least 60 m. Occasionally interbreeds with ^ 
\ Holacanthus ciliaris (Linnaeus) (Allen, 1979; Miller, 1985). 
S 
I Holacanthus ciliaris (Linnaeus, 1758) (Queen angelfish) 
Chaetodon ciliaris Linnaeus, 1758: Syst. Nat” Ed” vol. 10, p. 276 (type 
locality, Indies). 
Chaetodon squamulosus Shaw, 1789-1813: Naturalist's Miscellany, vol. 8，p. 
275. 
Chaetodon parrae Bloch and Schneider, 1801: Syst. Ichth., p. 235 (type 
locality, Cuba). 
Holacanthus cornutus Desmarest, 1823: Desmarest, Decade Ichthyologique, p. 
44, pl. 3, fig. 3 (type locality, Cuba). 
Holacanthus formosus Castelnau, 1855: Anim. Amer. Sud., Pois., vol. 19, pl. 2, 
fig. 2 (type locality, Bahia). 
Holacanthus ciliaris Lacepede, 1802: Hist. Nat. Poiss., vol. 4, p. 527. 
Pomacanthus ciliaris Jordan and Gilbert, 1883: Synopsis, p. 615. 
* Angelichthys ciliaris Jordan and Evermann, 1896: Checklist of Fishes, p. 421 • 
Angelichthys iodocus Jordan and Rutter, 1896: in Gilbert, 1896, Proc. U.S. Nat. 
Mus., p. 445. 
Holacanthus lunatus Blosser, 1909: Arm. Camegie Mus., vol. 6，p. 299，1909 
(St. Croix). 
Centropyge lunata Jordan, Evermann and Clark, 1928: Bull. U.S. Fish. Comm., 
pt. 2, 1930, p.361. 
Holacanthus {Angelichthys) ciliaris Fraser-Brunner, 1933: Proc. Zool. Soc. 
Lond., p. 584-586, text-fig. 24 (young specimen). 
Description: SL to 450 mm (17.7 in); D. XIV, 20-(21); A. III, 19-20, V. I, 5; P. 17-19; 
C. 17 (Fraser-Brunner, 1933). 
Range: Westem Atlantic- from Gulf of Mexico, Bahamas, Florida to Brazil (Fraser-
Brunner, 1933; Allen, 1979; Miller, 1985; Philips, 1993). 
Diet: Exclusively sponge, supplemented by algae, tunicates, hydroids and bryozoans. 
At least 40 species of sponges has been identified in stomach contents of the this 
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Subgenus Holacanthus Lacepede, 1803 
Holacanthus Lacepede, 1803: Hist. Nat. Poiss., vol. 4, p. 525. 
Holacanthus tricolor (Bloch, 1795) (Rock Beauty) 
Chaetodon tricolor Bloch, 1795: Nat. Ausl. Fische, vol. 9，pp. 397-423. 
Holacanthus tricolor Lacepede, 1803: Hist. Nat. Poiss., vol. 4, p. 525. 
Genicanthus tricolor Swainson, 1839: Class. Fish. Amphib. and Rep., vol. 2, p. 
212. 
Pomacanthus tricolor Jordan and Gilbert, 1893: Synopsis，p. 941. 
Description: SL to 300 mm (11.8 in); D. XIV，17-18; A. III, 17-18; LL 48 (Fraser-
Brunner, 1933). 
Range: Western-central Atlantic- Virgin Islands (Fraser-Brunner, 1933; Allen, 1979; 
Miller, 1985). 
Habitat: Inhabits a wide range ofhabits which includes rock jetties, rubble reefs, and 
rich coral reefs at depths of 1 to 30 m (Allen, 1979). 
Diet: Tunicates, sponges, zoantharians, and algae (Philips, 1993). 
"'• Coloration: Juveniles are solid brilliant yellow with one large blue-black spot slightly 
ringed with blue. As the fish grows the blue-black spot grows until it encompassed 
two-thirds of the body (Allen, 1979). 
Subgenus Plitops Fraser-Brunner, 1933 
Plitops Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., pp. 581-584. 
Holacanthus clarionensis Gilbert, 1890 (Clarion Angelfish) 
Holacanthus clarionensis Gilbert, 1890: Proc. U. S. Nat. Mus., vol. 13，p. 72, 
1890 (Revillagigedo Islands; Clarion, Soccorro, and San Benedicto). 
Centropyge clarionensis Jordan, Evermann and Clark, 1928: Bull. U.S. Fish. 
Comm., pt. 2,1930, p. 361. 
Holacanthus (Plitops) clarionensis Fraser-Bmnner, 1933: Proc. Zool. Soc. 
Lond., pp. 581-582, text fig. 22. 
Description: SL to 200 mm (7.9 in), D. XIV, 17-19 (18); A. III, (18)-19; V. I，5; P. 17; 
C. 17 (Fraser-Brunner, 1933). 
Range: Eastem Pacific- only off the coast ofMexico in Revillagigedos Islands and the 
Clarion Island (Fraser-Brunner, 1933; Allen, 1979; Robinson, 1986). 








Coloration: Holacanthus clarionensis Gilbert closely resemble H. passer 
Valenciennes in body colour and the juveniles of the two species are virtually 
identical (Allen, 1979). 
Holacanthus limbaughi Baldwin, 1963 (Clipperton angelfish) 
Holacanthus limbaughi Baldwin, 1963: Contri. Sci. Los Angeles County Mus., 
no. 74, pp. 1-8,1963 (Clipperton Island). 
Description: SL to 250 mm (9.8 in); D. XIV，17-18; A. III，17-18; P. 17-18; LR 45-
48; TR 6-9/26-27; GR 11-12 (type locality, Clipperton Island) (Baldwin, 1963). 
Range: Eastern-central Pacific- only in Clipperton Island (1600 miles due west of 
CostaRica) (Baldwin, 1963; Allen, 1979). 
Habitat: Inhabits shallow waters ofonly 6 to 33 m (Baldwin, 1963; Allen, 1979). 
Coloration: Juveniles resemble that of Holacanthus passer Valenciennes and H. 
clarionensis Gilbert (Allen, 1979). 
Etymology: This species is named for the late Conrad Limbaugh who was 
instrumental in collecting the specimens and was in charge of the Clipperton Island 
shore parties (Baldwin, 1963). 
Holacanthus passer Valenciennes, 1846 (King angelfish) 
Holacanthus passer Valenciennes, 1846: Voy. Venus, p. 327, pl. 6 (type 
locality, Galapagos Archipelago). 
Holacanthus strigatus Gill, 1862: Proc. Acad. Nat. Sci. Phila., vol. 14, p. 243, 
1863 (type locality, Cape San Lucas). 
Pomacanthus passer Eigenmann and Homing, 1887: Ann. N.Y. Acad. Sci., vol. 
4，p. 14. 
Centropyge passer Jordan, Evermann and Clark, 1928: Bull. U.S. Fish. Comm., 
pt. 2, 1930, p.361. 
Holacanthus {Plitops)passer Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., pp. 
583-584, text-fig. 23. 
Description: SL to 250 mm (9.8 in); D. XIV, 18; A. III, 17-20 (18), V. I，5; P. 17; C. 
17 (Fraser-Brunner, 1933). 
Range: Eastem Pacific- Sea of Cortez, Galapagos Islands, west coast of tropical 
America as far north as the Gulf of California (Fraser-Brunner, 1933, Allen, 1979). 
Habitat: Inhabits rocky areas at depths between 3 to at least 80 m. Usually solitary, 
rarely form aggregates (Allen, 1979). 




Etymology: This species was named after the Latin passer which means Sparrow. 
Subgenus undetermined (after Allen, 1979) 
Allen, 1979: Butterfly and angelfishes of the world, vol. 2，p. 251. 
f 
Holacanthus venustus Yasuda and Tominaga, 1969 
Holacanthus venustus Yasuda and Tominaga, 1969: Jap. J. Ichth., vol. 16, no. 
4.，p. 143, figs. 1 and 3 (type locality, Oshima Island, Sagame Bay). 
Genicanthus venustus Shen and Lim, 1975: Bull. Inst. Zool., Academia Sinica， 
vol. 14, no. 2. p. 90, fig. 10 (type locality, Kee-lung, Taiwan). 
Sumireyakko venustus Burgess, 1991: Trop. Fish Hobb. (U.S.), vol. 39，no. 7, p. 
70’ 1 fig. 
Centropyge venustus Pyle and Randall, 1992: Revue, fr. Aquariol., vol. 19, pp. 
115-124. 
Description: SL to 100 mm (3.9 in); D. XIV，16-18; A. III, 15-17, P. 15-17; V. I，5; 
LR 45-46; LL 44, TR 5-7/24-27; GR 14, vertebrae 10+14=24 (Yasuda and 
Tominaga, 1969; Shen and Lim，1975). 
Range: Westem Pacific- Taiwan to southern Japan ((Shen and Lim, 1975; Allen, 
1979). 
Habitat: Prefers steep outer reef slopes at depths between 15 and 35 m (Allen, 1979). 
Remarks: The generic status of Holacanthus venustus is uncertain. Although this 
species was originally described as belonging to Holacanthus Lacepede, due to its 
difference in morphology from members of the genus, it has been considered to 
belong to Genicanthus Swainson by Shen and Lim (1975). Burgess (1991) 
suggested that this species is intermediate between Holacanthus Lacepede and 
Centropyge Kaup and erected a new genus Sumireyakko Burgess for this species. 
Some workers (Pyle, 1992a; Pyle and Randall, 1993), however, did not recognise 
Sumireyakko as valid and placed the species into Centropyge Kaup. In this study 
the systematics of Steene (1977) and Allen (1979) is adopted and this species is 




Genus Pygoplites Fraser-Brunner , 1933 
Pygoplites Fraser-Brunner, Proc. Zool. Soc. Lond., 1933，pp. 587-588. 
•‘ Type species Chaetodon diacanthus Boddaert, 1772 
Pygoplites diacanthus (Boddaert, 1772) (Regal angelfish, Royal angelfish) 
I Chaetodon diacanthus Boddaert, 1772: Epist. Chaet. diac. descripto. 
！ Amstelodamae; pl. 19 (type locality, Amboina; Moluccas). 
Chaetodon fasciatus (non Forskal) Bloch, 1787: Nat. Ausl. Fische, vol. 2, p. 53, 
pl. 195. 
Chaetodon boddaerti Gmelin, 1789: Caroli a Linne, Systema Naturae, vol. 1， 
no. 3, p. 1243. 
Chaetodon dux Gmelin, 1789: Caroli a Linne, Systema Naturae, vol. 1, no. 3, p 
1255. 
Holacanthus dux Lacepede, 1802: Hist. Nat. Poiss., vol. 4, pp. 527, 534. 
Acanthopodus boddaerti Lacepede, 1802: Hist. Nat. Poiss., vol. 4, pp. 528, 529. 
Holacanthus diacanthus Gunther, 1860: Cat. Fish. Brit. Mus., vol. 2, p. 48. 
Holacanthus bispinosus Jordan and Evermann {non bispinosus Gilnther), 1903: 
: Bull. U.S. Fish. Comm., vol. 23, pt. 1，p. 378, 1903 (1905) (type locality, 
f；. 
^ Samoa). 
-¾ Centropyge diacantha Jordan and Jordan, 1922: Mem. Camegie Mus., vol. 10, 
巧 no. 1, p.64 (type locality, Samoa). 
丨 Pygoplites diacanthus Fraser-Brunner, 1933: Proc. Zool. Soc. Lond., pp. 587-
i 588, text-fig. 25. 
Description: SL to 255 mm (10 in); D. XIV，17-19; A. III，17-19; V. I, 5; P. 16-(17); 
LR 50; LL 47-50; TR 8/27; GR (5-6)+(12-13); vertebrae 9+15=24 (Fraser-Brunner, 
1933; Shen, 1973). 
Range: Indo-west Pacific; Red Sea and Eastem Africa to the Tuamotus, north to the 
Ryukyus, south to New Caledonia; east to Tahiti, throughout Micronesia (Fraser-
Brunner, 1933; Shen, 1973; Steene, 1977; Smith and Heemstra, 1986). 
Habitat: Occurs in coral rich lagoons and seaward reefs at depths of 3 to 48 m. Often 
found singly or in pairs in the vicinity of caves (Steene, 1977). 
Coloration: Juveniles are secretive and resemble the adults, but with a large ocellus on 
the soft dorsal fin (Steene, 1977). 
Diet: Feeds on sponges and tunicates (Steene, 1977). 
2.5 Natural Hybrids in Family Pomacanthidae 
Although there is a rich literature on hybridisation of terrestrial plants and animals 
(Harrison, 1993) and freshwater fishes, relatively little work has been done on marine 
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fish hybrids. Slastenenko (1957) made a compilation of natural hybrid fishes of the 
world, out of the 212 hybrids described, only 30 are marine. In the review of Schwartz 
(1972), a total of 1810 references concerning hybrid fishes were cited, it is clear that 
examples of freshwater species far out-number those of marine species. 
I 
I Among the marine teleosts, the family Chaetodontidae ranks first in the number of 
% 
I reported hybrids in having 15 natural hybrids (Burgess, 1974c; Randall et al. 1977; 
I 
I Steene, 1977; Allen, 1979, Randall and Fridman, 1981; Sano et al., 1984; Clavijo, ？ 




The family Pomacanthidae contains the next greatest number of reported natural 
hybrids. Feddem (1968a，b) was the first to document hybrids in pomacanthids, in his 
reports he described a cross between Holacanthus isabelita Jordan and Rutter 
(synonym of H. bermudensis Jordan and Rutter) and H. ciliaris (Linnaeus). Allen 
. i . 
. i 
i (1979) listed five probable hybrid angelfishes, and Wedge (1984) observed specimens 
representing hybrids between Centropyge vrolicki (Bleeker) and C. flavissimus 
(Cuvier) in the eastem atolls of Micronesia. Three other hybrids were described by 
Krupp and Debelius (1990) and Pyle (1992b，c). 
Pyle and Randall (1994) based on meristic counts and proportional measurements 
I , . 
listed 11 probable natural hybrids of angelfishes and 5 possible hybrid angelfishes. 
Among the list Apolemichthys armitagei Smith 1955, whose status had been 
questioned, was identified as a natural hybrid between the species A. trimaculatus 
(Lacepede) and A. xanthurus (Bennett). 
•^  The prerequisites of hybridization in pomacanthids are lack of conspecific mate 
5 
； and close phylogenetic relationship (Allen, 1979). It is apparent that most reported 
i 
I natural hybrids of pomacanthids involve only members of the same subgenus. The 
I presence of natural hybrids of pomacanthids might provide some hints to the 
1 unresolved questions in pomacanthid phylogeny. Reports on probable and possible 
hybrids are summarised in Table 2.2. 
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Table 2.2 A summary of probable and possible hybrids in Pomacanthidae. 
Probable and possible hybrids Reference 
Holacanthus ciliaris (Linnaeus) X K bermudensis Jordan Feddem, 1968a，b; Allen, 1979; 
and Rutter Pyle and Randall, 1994 
Pomacanthus sexstriatus (Cuvier) X P. semicirculatus Steene, 1977; Pyle and Randall, 
(Bleeker)J 1994 
Centropyge eibli Klausewitz X C. flavissimus (Cuvier) Allen, 1979; Pyle and Randall, 
1994 
Centropyge vrolicki (Bleeker) X C.flavissimus (Cuvier) Allen, 1979; Wedge, 1984; P y l e ~ 
and Randall, 1994 
Pomacanthus chrysurus (Cuvier) X P. maculosus (Forsskal) Allen, 1979; Pyle and Randall, 
1994 
Pomacanthus xanthometopon (Bleeker) X P. sexstriatus{CuyiQv) Allen, 1979 
Centropyge multifasciatus (Smith and Radcliffe) X Holacanthus Krupp and Debelius，1990; Pyle 
venustus (Yasuda and Tominaga)t 1994 
I Centropyge loriculus (Giinther) X C. potteri Jordan and Metz Pyle, 1992b; Pyle and Randall, 
1994 
Centropyge eibli Klausewitz X C. vrolicki (Bleeker) Kuiter, 1992; Pyle and Randall, 
1994 
Apolemichthys trimaculatus (Lacepede) XA. xanthurus Pyle and Randall, 1994 
(Bennett) 
Pomacanthus arcuatus (Linnaeus) X P. paru (Bloch) Pyle and Randall, 1994 
Pomacanthus maculosus (Forsskal) X P. semicirculatus Pyle and Randall, 1994 
(Cuvier) 
Centropyge bispinosus (Gunther) X C. heraldi Woods and Pyle and Randall, 1994 
Schultz?J 
Centropyge bispinosus (Gunther) X C. shepardiRandsLll and Pyle and Randall, 1994 
Yasuda? 
Chaetodontoplus caeruleopunctatus Yasuda and Tominaga X Pyle and Randall, 1994 
“ C. septentrionalis (Temminck and Schlegel)? 
Chaetodontoplus melanosoma (Bleeker) X C. septentrionalis Pyle and Randall, 1994 
(Temminck and Schlegel)? 
Pomacanthus navarchus (Cuvier) X P. xanthometopon Pyle and Randall, 1994 
(Bleeker)? 
The hybrids are arranged in chronological order of report. 
？ Possible hybrids. 




Age and growth of the Pomacanthids 
3.1 Introduction 
The knowledge of age of fish, besides being of biological interest to the species 
concerned, is an important factor in proper fishery management as well as in stock 
assessment. The evaluation of age provides a means to understand the composition of 
a fish population with regard to the age classes and to find the role of particular year 
classes in the stock. The study of the growth-rate of fish leads to an effective 
assessment of the age at maturity, life span, and the sustaining power of the stock in a 
fishery. The determination of the mortality rate of the different year classes, their 
survival rate and success of the individual year broods, that are of fundamental 
importance in the forecast and scientific exploitation of a fishery, are based on the 
卜 
knowledge of the age and growth-rate of the fish (Menon, 1953). 
Overfishing has been a global phenomenon during the past few decades. An 
example is the fishery for anchoveta in Peru, which became important in the early 
1950s (Hilbom and Walters, 1992). By the mid 1960s, the anchoveta fishery was the 
largest fishery in the world (13 million metric tonnes production per year). However, 
the yield was then rapidly reduced due to over-exploitation of the resources, and the 
fishery collapsed in the early 1980s. Another disaster in fishery management involved 
the stock of herrings {Clupea harengus Linnaeus) in the North Sea (Saville and 
Bailey, 1980). The fishery yielded between 0.3 to 1 million metric tonnes between 
1903 and 1965, but in the late 1960s there was a serious decline in yield and finally 
the fishery collapsed in the late 1970s. North (1988) also reported the exploitation of 
Antarctic fish populations by Russian and Polish fishing fleets. A most recent 
example of over-exploitation of fishery resources is the hairtail fishery in East China 
Sea, China (Wu, 1995). Due to the over-exploitation of hairtail fish in this area, all 
fishing activities were banned from July 1995 in the northern part of the East China 
Sea and the southern part of the Yellow Sea, where the country's major natural 
seafood resource are located. The annual haul of hairtail fish in 1994 was 800,000 
82 
， 
tons, more than 85% of which were caught from this area. As reported by Yang Jian, 
Deputy Director General of the ministry's Bureau of Fisheries, the catch during the 
July-August period in 1994 reached 66,800 tons, about half of which were immature 
(Wu, 1995). Although the suspension may bring a shortfall of 80,000 to 100,000 tons 
in the hairtail catch during July and August, the annual catch should increase by 
30,000 tons as the fishing ban will allow immature hairtail to grow up. 
In order to prevent over-fishing, it will be necessary to determine both the age and 
size structures of commercial fish populations to predict the potential yield to both the 
fisheries and the natural predators. The minimum size of catch as well as the 
maximum sustainable yield could be assessed to protect the natural resources from 
being over-exploited. 
3.2 Age Determination 
Work on age determination of fish started some 250 years ago and the methods 
have been fully described (Dahl, 1909; Suvorov, 1948，1959; Hederstrom, 1959; 
Ricker, 1975, 1979). Traditionally the age of fish can be assessed by the following 
ways: 
a. Assessing the length-frequency of a population and age assigned to discrete length 
classes, this method is commonly known as the Peterson's method (Peterson, 
1892); 
b. Identifying and counting of annual check marks (annuli) from scales, otoliths, 
bones and other hard structures; 
c. By cohort analysis, the modal length of a particular age group (usually of a strong 
year class) are estimated at yearly intervals so as to obtain an age-length 
relationship of the species concerned (Bagenal and Tesch, 1978); 
d. Tagging individual fish provided that the tagging process does not affect growth 
rate; 





� 3.2.1 Peterson's method 
Peterson's method (Peterson, 1892) is a commonly used method of age 
determination in fisheries. This method is based on the assumption that fish spawn 
annually and the progeny grow at roughly the same rates (in terms of length or body 
weight). Then frequency analysis of individuals of a given species collected at the 
same date would show variation in length according to each age group. This method 
requires assessment of the individual lengths of a large number of fish in the 
population and little overlap in the sizes of fish in adjacent groups. Although 
imperfect, this method could be used in validation of age especially in young fish. 
With the number of year-class estimated, the approximate age of fish could be 
assessed. 
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3.2.2 Scales as aging structures 
The use of hard body parts for age determination has been reported extensively 
(Menon, 1953). The principle of age determination in fish using skeletal or calcified 
structures depends on the ‘annual，growth marks that are formed as a result of 
fluctuations of the growth of fish. The growth of fish, normally, is not uniform 
throughout a year or its lifespan. The fish grows faster during a certain part of the year 
and slower or even ceases to grow at another part of the year. This fluctuating 
periodicity of fast and slow growth of the fish is recorded annually on the skeletal 
parts of the fish as periodic structures of fast growing (i.e., wide) and slow growth 
(i.e., narrow) zones. 
Scales and otoliths are two anatomical structures most commonly collected from 
finfish. Generally the use of scales in age determination is preferred because they are 
easier to collect and process. Scales, however, must be collected from an area on the 
fish which is known to exhibit complete growth and clear growth patterns, usually the 
area where the first and largest scales develop. 
Van Oosten (1929) stated the requirements for the use of scales in age 
determination: 
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I a. Scales (or other structures) must remain constant in number and identity throughout 
the lifespan of the fish; 
b. Growth of the scales (or other structures) should be proportional to the overall 
growth of the fish; 
c. Growth check marks (such as annulus) should be visible and must be formed yearly 
(or in regular time intervals) at approximately the same time ofthe year; 
d. Back calculated body lengths of the different year-classes must agree with the 
empirical lengths of the respective age groups. 
The scale of fish can be divided into two portions; a posterior portion which is 
exposed, and an anterior portion which overlaps with adjacent scales. In the anterior 
end of the scale, concentric rings of ridges known as circuli are deposited on the outer 
surface due to the periodic addition of material to the edge of the basal plate. The 
circuli of scales may be continuous or segmented by the scale radii; in the latter case 
the individual segments are known as platelets. The centre of the circuli is known as 
the focus of the scale. Since circuli are deposited regularly, they are closer when 
growth is slow, and wider apart during seasons of relatively rapid growth. As a result 
summer and winter growth zones differ in appearance, thus providing a basis for age 
determination. Preparations of the scales as wet or dry mounts, or as impressions in 
plastic sheets, do not appear to have a major influence on the accuracy of the age-
determinations (Mann and Steinmnetz, 1985). 
In practice, the age of fish is usually designated with reference to annual marks on 
its hard parts rather than its exact life span. The term ‘age group’ is used to express 
age in years, while ‘year-class，refers to the fish produced in a given year. A fish in its 
first growing season is classified as belonging to the age-group 0, while a fish in its 
second growth season (i.e. having an annulus at the margin of its hard parts) is 
considered to be a member of age-group 1. Fish of age-group 1 with a marginal 
increment on its scales is classified as age "1+" to represent the additional marginal 
growth. However, fish from both age-group 1+ and age-group 2 are considered to be 
in the same year-class (Bagenal and Tesch, 1978). 
85 
I In age determination of fish, the term "annulus" is defmed as the outer border of 
the closely spaced circuli which represents slow winter growth (Penttila, 1988). 
Annulus is also known as year mark, annual mark, or annual ring, which is formed 
annually during alternate periods of faster and slower growth and reflects various 
environmental or internal influences (Bilton, 1974; Simkiss, 1974). Jansen and Wise 
5 (1962) described the characteristics of annuli: a) the annulus is concentric with the 
V I ^ i. } scale margin; b) the annulus can be traced entirely around the scale; c) it is clearly 
.i' 
separated from other zones and does not ordinarily meet them at any point; and d) if 
present, it is found on all scales of an individual. The distance from the anterior scale 
margin to the last annulus is known as the marginal increment. The number of circuli 
in the marginal increment of a scale depends on the time of sampling. Measurement of 
marginal increment is used to determine the time of annulus formation (Bruton and 
Allanson, 1974). 
Whereas annuli are made up of closely spaced circuli, not all closely spaced 
circuli are true annuli. These may be "checks" which can be distinguished from true 
annuli by the width of the zone relative to annuli, location relative to annuli, spacing 
of annuli from each other, and incomplete formation or poor definition. Checks may 
also be distinguished from annuli on some scales by differences in platelet shape. 
Penttila (1988) reported that annulus can be distinguished in haddock 
{Melanogrammus aeglefinus) by the shape of the individual platelets. Summer 
platelets usually show greater protrusion from the basal plate, giving a round upper 
edge, while winter platelets have a relatively straight edge. 
Checks most often occur during periods of rapid growth (in this case also known 
as ‘growth shifts') and are especially common at younger ages (Dery, 1988). Checks 
may be formed due to a change in food habits, maturation, migration, summer 
aestivation, or spawning. Checks are not true annuli since they do not meet the 
requirements discussed above, so are "false annuli". Sometimes this term is used 
synonymously with "check", but more often it refers to a characteristic check ring on 
scales (or otoliths) which occurs before the first annulus and fairly close to the focus 
(PenttilaandDery, 1988). 
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For younger fish, a major reliable feature in the differentiation of an annulus is the 
number of circuli per unit area. The number tends to increase during winter slow 
growth and decrease during rapid summer type of growth. This method is especially 
applicable to the first fifth or sixth annuli. However, due to the gradual reduced 
number of circuli formed per year of growth (Penttila, 1988), aging of fish through 
estimation of number of circuli per unit area might not be reliable on specimens of 
older ages. The older the fish, the closer will the annuli be from each other. 
I In some species, the cutting-over mark on scales is considered to be the annulus. 
Circuli in the lateral field intersect the annulus at an oblique angle, whereas the circuli 
are parallel to checks (Dery and Mayo, 1988). Such cutting-over marks may be 
； formed from annual erosion of the scale edge, and appear as a sudden break or 
i discontinuity in the formation of one or more circuli. However, a cutting-over mark 
！ should be continuous and intersect the ctena to be interpreted as a true annulus (Dery, 
il988). 
‘ 
_ Determination of age in tropical regions is often difficult (Menon, 1950，1953; De 
； Bont, 1967; Fagade, 1974, Werder, 1984). The rings on scales are not necessarily 
i annual, and may be associated with external factors such as dry season, changes in 
9 
: food supply, and stock density (Daget, 1952; Johnels, 1952; Lowe-McConnell, 1964). 
r^  
I In tropical waters the Peterson method cannot be applied because fish might spawn 
I throughout the year and the life cycle is often short. In such cases direct observation 
i on growth rates of captive individuals may be helpful in age determination (Bagenal 
1 and Tesch, 1978). 
-4 ^ 
麵 
I 3.2.3 Otolith as aging structures 
f . 
_ Otoliths are calcium accretions functionally involved in the maintenance of 
I equilibrium, maintenance and regulation of muscle tone，and as direction and sound 
detectors (Lowestein, 1957; Morris and Kittleman, 1967). The otoliths are enclosed in 
the otolith organs situated at both sides of the fish They are namely the utriculus, 
1 sacculus, and lagena, where the otolith lapillus, sagitta, and asteriscus respectively are 
located. Otoliths could be obtained by dissecting the head of fish with a sharp knife or 
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, bone saw. Otolith preparation for microscopic examination usually takes the form of 
whole, baked and broken, or thin cross-sectioned specimens. The process ofbaking or 
”； burning otoliths would enable observation of annuli easier (Moriarty, 1973), since 
1 baked hyaline (winter) zones tum brown in contrast to the white opaque summer 
i zones. Deelder (1976, 1981) reported that the buming method has resulted in 
“ inaccuracies in the age determination of cultured eels of known age. These 
4 
4 inaccuracies are probably due to the frequent formation of supernumerary zones in the 
1 dorso-ventral and proximo-distal areas, whose contrast was enhanced by the buming 
/ 
I process (Hu and Todd, 1981; Moriarty, 1983). 
Otoliths might also be embedded in Permount or clear fibre-glass resins and thin-
二 sectioned. Nichy (1977) reported thin-sectioning of otolith using an Isomet low-speed 
saw with a pair of fine-grit diamond-impregnated blades separated by a spacer of 
- approximately the desired thickness of the section (usually 0.015 to 0.030 mm). In 
專 practice, transverse cross-sections of otoliths are obtained and observed under 
stereomicroscopes with a reflected illuminator inclined at 45-60 degrees at 
magnifications of 10X to 65X. Under reflected light, the hyaline (winter) zones appear 
dark and the opaque (summer) zones appear white. As in scales, the annulus is defined 
«••, 
‘ as the winter zone. Pannella (1971) reported that the early-stage annual rings from 
some cold-temperature fish consist of thin growth bands, the number of which 
.?. 
corresponds to that of the days in a year. Such daily growth marks are especially 
useful in the aging of juvenile fishes. 
Regner and Dulcic (1994) reported a non-linear relationship between standard 
: length and otolith diameter for the sea bass, Dicentrarchus labrax, and the fitted curve 
： obtained by power functions exhibits positive allometric growth. Thus when otoliths 
; are used in back-calculation of length-at-age of fish, a non-linear relationship between 
i 
somatic and otolith growth should be assumed. 
The majority of work on otolith as aging structures has been focused on the sagitta 
(Campana and Neilson, 1985). The lapilli，however, have been reported to be 
preferentially used in work involving larvae and juveniles of some reef species 
(Victor, 1982; Brothers et al., 1983; Fowler, 1989). Lou (1993) reported that the 
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sagitta of some acanthurid and scarid species to be thick and had a complex three-
dimensional shape making growth increment analysis difficult. The lapilli of the same 
I species, however, had distinct increments and were easy to use for increment counts 





Data from otolith readings can be used to validate age data derived from scales. 
Kruse et al. (1993) found that the scale-age and otolith-age of black crappies were 
similar for age of up to 7 years. Although otoliths are reported to be more reliable in 
the aging of aged specimens of some species such as weakflsh, Cynoscion regalis, 
(Lowerre-Barbieri et al； 1994), one of the shortcomings of employing otolith in aging 
fish is the need to sacrifice a fish to obtain an otolith. However, the sampling size 
could be reduced by sub-sampling length-groups in a population (Boxrucker, 1986). 
Another drawback of employing otoliths in aging fish is the requirement of specific 
instrumentation and practical skills, since good resolution is obtained only on thin-
sectioned (as thin as 0.3 mm), polished otolith preparations (Lowerre-Barbieri et aL, 
1994). 
3.2.4 Other Structures in Aging of fish 
Besides using scales and otoliths in age determination, the use of other structures 
such as vertebral centra (Munekiyo et al, 1982; Labelle et aL, 1993), opercular spines 
(Olson, 1980; Ezenwa and Ikusemiju, 1981; Margenau, 1982; Prince et aL, 1986; 
Schram, 1989; Freer and Griffiths, 1993; Saunders and McFarlane, 1993), fin rays 
(Sosa-Nishizaki et al., 1989; Rien and Beamesderfer, 1994) and even lens (Siezen, 
1989) etc. have been reported. 
3.2.5 Tagging ofFish in Age Determination 
In age determination of fish, reliable data can be obtained from reading annuli in 
fish tagged for known period of time before recapture, and annuli reading can be 
facilitated by injecting the fish with dyes such as tetracycline. Foreman (1987) 
described a method of simultaneously tagging and injecting large pelagic fish such as 
yellowfin tuna, Thunnus albacares, with tetracycline. Several criteria have to be met 
for the tetracycline tagging to be effective. These are: a) delivery of the tetracycline 
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must provide an effective dose to a range of fish sizes; b) the tetracycline must be fast 
‘ 
acting and produce a clear mark to facilitate the identification and quantification of 
daily and annual growth increments; c) the injection and tagging must be 
simultaneous so that all tagged fish are injected; d) its preparation and use must be 
simple so as to minimise dependence on the skill of the operator; e) the tag must be 
conspicuous and distinguishable from existing game fish tags (if any); and f) the 
tagging program must be well publicised as success is determined solely with the 
return of the recaptured fish. 
Tagging and injecting with tetracycline provide information on growth, life 
history, and possible range of the fish tagged. However, a large number of fish must 
be tagged since the recaptured rate is extremely low (as low as 1.1%) (Speare, 1992). 
The tetracycline range of antibiotics are known to cause disruption of 
mineralization of teeth and bones in human and other animals. The exact effect of 
•j 
oxytetracycline on the normal growth and metabolism of fish, especially those which 
have already been stressed by capture, are not well studied (Mugiya and Muramatsu, 
1982; Smith, 1984). Monaghan (1993) compared the effect of calcein and tetracycline 
as chemical markers in summer flounder and reported that calcein bands were more 
intense than tetracycline bands. Also, tetracycline appeared to be detrimental to the 
health of the fish, causing reduced activity and cessation of feeding, while calcein did 
not. Another advantage of employing calcein as markers is that it can be examined in 
visible blue light, which does not present the hazard that ultra-violet light does to the 
user. Besides, Lang and Buxton (1993) reported the use of alizarin complexone as a 
tag on sparid fish. Immersion for 24 hour in a 100-150 mg/1 sea water of alizarin 
complexone was found to be most suitable for marking larvae and small juvenile fish. 
3.3 Growth 
In simple terms, growth is the increase in size and complexity of an organism with 
age. Unlike higher vertebrates such as mammals and birds, fish are believed to grow 
continuously, i.e. their growth in size is indefinite or not limited by age (Jones, 1976). 
In practice, growth can be recorded by the increase in size and weight of an organism 
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f in relation to its age, and represented by a growth curve. At any age, the growth rate 
.1 
I can be estimated from the slope of the growth curve. The growth in length of fish is 
i 
! typically parabolic. The growth rate is highest initially and reduces as the animal ages. 
； The growth in weight, however, tends to be asymptotic. The growth rate increases 
^ progressively initially, and gradually decreases when a point of inflexion is reached. 
One method of estimating growth in fish is by back-calculating the length at the 
i respective age. Lea (1910) assumed that growth of body and scale is isometric and i 
t 
I proposed the direct proportion method with a formula of L^ = LS^/S 
where Lj, = length of fish when annulus 'n' was formed, 
5 
^ L = length of fish when scale sample was obtained, 
. m 
f Sn = radius of annulus ‘n’，and 
: S = total scale radius. 
fe I 
^ Alternatively, if scale: body relationship is linear but the line does not pass 
； through origin, the line should be fitted by least squares using standard regression 
procedures (Bailey, 1959). The above equation would be modified into L^-a = SJS 
^ (L-a) where a is the y-intercept on the growth curve (Fraser, 1916; Lee, 1920). This is 
“ ¢ : ’ 
i known as the intercept corrected direct proportion method. 
<. 
The body weight of fish (W) can also be used to estimate growth. At any age, the 
( weight of fish can be considered to be a function of length (L) (Hile, 1935). The 
relationship can be expressed as W= a L ,^ whereas a is a constant and b is an exponent 
, usually between 2 and 4. In practice, the value of a and b can be derived empirically. 
4 When the regression coefficient b equals to 3 the growth is isometric, otherwise the 
growth is allometric. 
Alternatively, the length-weight relationship can be expressed by the Fulton's 
； Condition Factor or Fulton's Index (K), which is defined as lOOWnJ (Weatherley, 
, 1966) whereas L is the length of body in millimetres, and W'is the net body weight in 
grams. This factor can be used to compare the 'condition', ‘fatness，or (well-being, of 
fish in relation to factors such as season, diet, sex, or location, and is based on the 
assumption that the heavier fish of a given length are in better condition. If the length 
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1 range of samples is large, a modified Factor K' is defined as K-lOO WVL where b is 
the growth coefficient (Bagenal and Tesch, 1978). 
3.4 Mathematical Models ofGrowth 
The length-weight relationship with age can be expressed in a variety of ways and 
many growth models or equations have been postulated. Growth models serve the 
purposes of generalising descriptions on patterns of growth and studying the factors 
affecting growth. They include the von Bertalanffy (von Bertalanffy, 1938; Beverton 
and Holt, 1957), the logistic (Robertson, 1923; Winsor, 1932a; Hjort et aL, 1933), 
Compertz (Weymouth and McMillin, 1931; Winsor, 1932b; Silliman，1969), various 
straight line approximations (Baranov, 1918; Knight, 1969) and exponential curves 
(Brody, 1945; Parker and Larkin, 1959). 
3.4.1 The von Bertalanffy Growth Model 
The von Bertalanffy growth model, which is based on physiological 
considerations, is the best known among the various models. In this equation the 
relationship between food absorption area and metabolic volume was considered. The 
von Bertalanffy equation can be completely described by three parameters, and it can 
be fitted into the growth pattem of a large number of fish species (von Bertalanffy, 
1938; Beverton and Holt, 1957). 
The von Bertalanffy expression for length is Lt =[^{[。鄙-。} 
where L^ is the asymptotic length when t = infinity or the ‘ultimate，or ‘maximum， 
length, 
Lt is the length at age t, 
K is the growth coefficient or a measure of the curvature or rate at which the 
growth curve approaches the asymptote, 
to is a time scalar equivalent to the hypothetical starting time at which the fish 
would have been zero-sized. 
Kft tn) 3 
The von Bertalanffy equation for weight can be expressed as Wt =W«,{ 1 -e' "^ }^ • 
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I When to is not needed, the simplest method of obtaining K and L^ is the Walford 
I plot (Walford, 1946)，in which Lt is plotted against L^n. This curve should be linear & 
^ j r 
and having slope equal to e' , and have intercept with the Lt+i = Lt line equal to L^. 
3.4.2 The logistic equation 
The logistic equation was postulated by Robertson (1923) based on the 
relationship dW/dt = KW (A-W) where dW/dt is the growth rate, A is the asymptotic 
weight and W is body weight when sampled. The equation can be solved as W = 
A/(l+b e_^t) where t is the age of the fish. This is a symmetrical sigmoid curve for 
growth in weight that rises to an asymptotic weight A when t equals to infinity. 
3.4.3 The Compertz Growth Curve 
The Compertz growth curve is given by W = A_b , In this equation W is body 
weight, c is a constant and A is the asymptotic or ultimate weight when t = infinity. 
3.4.4 Parker and Larkin Growth Curve 
Parker and Larkin (1959) proposed this equation based on the assumption that the 
rate of change in weight with age is proportional to the body weight raised to the 
power X. The equation is expressed as dW/dt = KW *, the equation can be rearranged 
to W(i-x) =(l-x)Kt + W�(i-x) where W � i s the weight when age t is equal to zero. This 
equation does not tend towards an asymptotic weight when t tends to infinity. 
In the study of fish growth there is no preference to a particular growth equation. 
Usually the choice is based on how good the curve fits to the data obtained. Since the 
von Bertalanffy equation is widely accepted, only the von Bertalanffy growth 
parameters will be employed in this research. 
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I 3.5 Materials and Methods 
i ‘ 
3.5.1 Fish Specimens 
In this research the age and growth of Pomacanthus imperator (Bloch) was 
studied. The specimens were obtained from aquariums which collaborate with fishing 
boats collecting food fish from the Dongsha Islands, China. Time of recruitment of 
the specimens was indefinite and determined by such conditions as season, weather 
conditions at sea and the relative productivity of other fishing grounds. Due to their 
lower market price, limited demand, relative scarcity, difficult in catching and labour 
consuming in handling, the angelfishes were only bi-products of the fishing boats. 
The major catch were groupers (Serranidae), wrasses (Labridae) and parrot fishes 
(Scaridae), among which Cromileptes altivelis (Valenciennes) (Serranidae), 
Epinephelus lanceolatus (Bloch) (Serranidae), Plectropomus areolatus (Rilppell) 
(Serranidae), and Cheilinus undulatus Riippell (Labridae) were the most high-priced 
food fishes. 
A total of 230 specimens of Pomacanthus imperator were collected during the 
period from February 1989 to October 1994. Species identification was performed 
acccording to Fraser-Brunner (1933), Steene, (1977) and Allen (1979). The specimens 
were weighed, total length and standard length measured, and meristic characters 
recorded. Sex of the specimens were obtained by dissection and observation of the 
gonad. Standard length of the specimens ranged from 32.5 to 2960 mm, and body 
weight ranged from 0.44 to 1236 g. 
3.5.2 Relationship between Standard Length and Body Weight 
Standard length (L) was measured from the tip of the snout to the origin of the 
caudal fin at the caudal peduncle (Myers, 1989). Preopercular spine length was 
defined as the linear distance in millimetres from the tip of the spine to the origin of 
the spine in the preopercle (Fig 3.1). Measurement of preopercular spine length was 
performed by employing a pair of callipers measured to the nearest 0.02 mm. Total 
body weight (W) and net body weight (W') was measured with an electronic balance 
(Shimadzu EB-3200H) to the nearest 0.1 g. Sex of the specimens was assessed 
through dissection and observation of the gonads. 
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3.5.3 Preparation of Scales for Annulus Estimation 
Methods of preparation of scales for age determination was performed according 
to Chan (1981). The scales were collected from the central portion of the body below 
the lateral line O i^g. 3.1). Scales from this region were used because they were 
relatively regular in both shape and size, and were more consistent. About 10-20 
pieces of scales were removed and treated in 0.5% ammonia solution for at least 2 
days. The scales were then rinsed thrice with distilled water, dried and mounted 
between two microscopic slides. The mounted scales were labelled and observed 
under dissection microscope O^ikon SMZ-10) and photographed OSfikon FX 35A). At 
least 2 typical scales from the same specimen were photographed. Age of the 
specimens were estimated by reading the number of annual check marks or annulus 
on the mounted scales as well as on photographs of the scales. 
3.5.4 Scale Measurements 
The length of scale (S) was defined as the distance from the focus to the anterior 
margin of the scale along the central or mid-radius (Plate 3.1). In this research scale 
length was measured microscopically (Kyowa SZM) by using an occular micrometer 
at magnifications from 9 to 48 X. At least 5 scales removed from standardised regions 
were measured for each specimen. 
Annuli on the scale were identified according to Penttila (1988). An annulus was 
defmed as the outermost margin of the slow winter growth region which defined the 
end of a year's growth. Identification was made on photo prints (23 X 9 cm). After 
identification of the annuli the distance from the focus to each individual annulus (SJ 
was measured with a pair of callipers to the nearest 0.02 mm. Length-at-age of the 
specimens were back-calculated according to the formula Lj=L(SJS). Mean standard 
lengths of different year>dasses (when sampled) were used to calculate the von 
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Fig 3.1 The position of sampling scales from pomacanthid 
specimens. Scales were sampled from the central portion of the 
body beneath the lateral line, as shown by the patch of scales in 
the figure. L: length of preopercular spine. 
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Plate 3.1 Measuring scale length in pomacanthid scales. 
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3.5.5 Marginal Growth Index 
i Marginal Growth Index (a) was estimated by the formula a = R-Rn/Rn_Rn-i where 
二 R is the total scale length, R^ and R .^i are lengths of the ultimate and penultimate 
annuli from the focus respectively. This index was used to estimate the time of 
annulus formation. 
3.5.6 Estimation ofthe von Bertalanffy Parameters 
The von Bertalanffy parameters were calculated by employing the computer 
programme described by Cao (1988) with slight modifications. Relationship between 
standard length and body weight was calculated by the formula W = aL^. 
3.6 Results and Discussions 
3.6.1 The Scales 
The scales of Pomacanthus imperator (Bloch) are ctenoid, with 3-9 radial 
grooves (radii) extending from the focus to the anterior margin of the scale. The outer 
surface of the scale is deposited with concentric rings of circuli comprising of 
individual platelets, while the inner surface is smooth. The spacing of the circuli 
indicates periods of rapid and slow growth. Rapid summer type growth is 
characterised by circuli which are spaced relatively far apart, while slow winter 
growth is characterised by closed spaced circuli (Plate 3.2). 
3.6.2 Relation between Standard Length and Scale Length 
The mean scale radial length (R) of each specimen (230) was plotted against 
standard length (L) as shown in Fig. 3.2. Regression analysis was used to determine 
whether significant correlation existed between scale length and standard length. 
Equation ofthe regressed line was L=0.697+(4.41 R) (r^=0.876) where R was in mm 
and L was in cm. It is apparent that scale length is linearly proportional to standard 




I 3.6.3 Relation between Standard Length and Sex 
I 
The sex of the specimens was determined through dissection and observation of 
the gonads. The ovaries of Pomacanthus imperator (Plate 3.3) were found to be blunt, 
bifurcating structures joined at posterior region. The testes, on the other hand, were 
long, slender and ran anteriorly along the dorsal wall of the peritoneal cavity (Plate 
3.4). The standard length of juveniles ranged from 2.59 to 16.3 cm (n = 103); that of 
the females and males ranged between 14.2 and 28.1 cm (n = 101) and between 20 
and 29.6 cm (n = 26) respectively. No male specimen below 20 cm was sampled and 
no female specimen above 28.1 cm was sampled. This reflects a sex-size dimorphism 
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Plate 3.2 Reading annuli from scale oiPomacanthus imperator. 
Scale from a age 2+ individual. Al: first annulus, A2: second 
annulus, C; growth check. 
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Plate 3.3. Ovary ofPomacanthus imperator. 
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I Fig. 3.2. Relationship between scale length and standard length of 
Pomacanthus imperator (n = 230). 






I 3.6.4 Relation between Standard Length and Body Weight \ 
_ Of the 230 specimens examined, a total of 16 year-classes were identified. The 
兰 average standard length and total body weight were calculated for each year-class and 
脇. 
— tabulated in Table 3.1. 
The values of standard length and total body weight were plotted against age as 
5* 
“ given in Figs. 3.3 and 3.4. The growth in standard length with age is roughly linear in 
m. , 
the specimens sampled and the regression equation for the curve is L = 5.25 + 1.97A 
4- + 0.03A^ (r^=0.995) where L is the standard length and A is the age ofthe specimens. 
I The growth in body weight with age is typically parabolic and the regression equation 
is W = 3.16 + 17.22 A - 4.6 A^ (r^  = 0.996). 
The plotted points on standard length to body weight (Fig. 3.5) fits well into a 
regressed curve with formula W=0.0996L^^^^ (r^  = 0.953). This shows that growth of 
- Pomacanthus imperator is allometric. The logistic regression of standard length 
1 against body weight is given in Fig. 3.6. The regression equation is given as W = 
i‘ 
I 3277.74/ [1+ (L/36.66)-3 29] + 1.02. 
I 
1 A Walford plot for the back-calculated length-at-age is given in Fig. 3.7. From 
f the graph it can be seen that the annual increase in standard length decreases with age. 
t>i*-^-
y-intercept of the regressed curve is 2.874, and the calculated slope of the regressed 
•K 
curve is 0.929, corresponding to a K value of 0.073 (slope = e"). 
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• Table 3.1. Average standard length and total body weight of Pomacanthus imperator. 
f 
•;f 
Age Average Range in Average Range in n 
Group Standard Standard Body Body Weight 
Length (cm) Length (cm) Weight (g) (g) 
~ 0 4 ¾ 2.59-6.10 3 M 0.44-8.17 U ~ 
I 6.70 6.21-7.30 12.91 7.74-16.31 11 
^ 2 9.35 7.40-11.03 40.13 13.7-70.5 28 
3 12.07 11.18-13.40 85.14 58.1-130.1 30 
4 13.47 12.98-14.10 128.03 102.2-150.0 9 
5 14.58 14.20-14.80 151.36 100.0-200.0 13 
6 15.81 15.00-16.78 187.44 156.1-244.2 16 
7 17.12 16.10-18.10 240.79 155.7-315.1 18 
8 18.90 18.20-20.10 349.74 247.8-409.1 16 
9 20.23 19.00-22.70 409.59 277.4-502.4 29 
10 21.90 20.90-23.30 506.81 400.0-634.0 20 
II 22.20 21.50-23.00 555.78 432.9-650.0 7 
12 24.63 23.80-25.50 638.41 525.0-800.0 6 
13 25.30 24.70-25.90 743.47 562.5-924.4 2 
14 26.73 25.50-28.00 �944.10 750.0-1236.3 9 
15 27.70 27.70 �766.61 766.6 1 
16 29.30 29.00-29.60 1030.67 892.0-1100.0 3 
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] Fig. 3.7 Walford plot on the growth of Pomacanthus imperator. The asymptotic axis which Lj = 
� Lt+i is given by the broken line. Equation of the regressed line is y = 0.927 x + 2.874 (r^  = 0.999). 
? Point ofintersection of the two lines shows the asymptotic or ultimate length of the species, which is 
？ same as predicted by the von Bertalanffy curve obtained (Fig. 3.13). Slope ofthe regressed curve is 
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I 3.6.6 Marginal Growth Increment 
I i •'# 
i The marginal growth increment on the scales is plotted against month (Fig. 3.8). ；j… 
:• As shown in the figure, marginal increment ranges from approximately 20% (Jan. to 1 \ 
i I Mar.) to 70% (Aug.). Thus annuli formation should take place between January and 
！ I 
•： March. 
4 i .. 
j j 3.6.7 Relation between Standard Length and Preopercular Spine Length 
IThe relationship between preopercular spine length (P) and standard length (L) was plotted in Fig. 3.9. Equation of the regressed curve is P 二 0.125 L-0.401 (r^  = 
I 0.882). Hence the preopercular spine is linearly proportional to standard length and 
% 
^ could be used in age determination of the species. 
L :.: _. • 
M . 
3.6.8 Fulton's Condition Factor {K) and Modified Fulton's Condition Index (iT) 
i ‘ 
: 3 
The Fulton's Condition Factor is defined as K= 100W ’/L where W ‘ is the net 
- 、 • .::. -.i'.i 
I body weight and L is the standard length respectively. Alternatively, if the length 
I b { range of samples is large, a modified Factor K ‘ is defined as K -100 W � f L where b k 
is the growth coefficient. The Fulton's Condition Factor K and K were calculated for 
the various year-classes and tabulated in Table 3.3. 
！；牲 
‘ The Fulton's condition Factor and Modified Fulton's Condition Factor are plotted 
.••；/>•'. 
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: Table 3.3. Fulton's Condition Factor and Modified Fulton's Condition 
Factor of various age groups, Pomacanthus imperator. 
Age Fulton's Modified 
(years) Condition Fulton's 
Factor Condition 
Factor 
0 4i09 5 l 5 
1 4.16 6.64 
2 4.60 7.89 
3 4.36 7.96 
4 4.58 8.58 
5 4.32 8.25 
6 4.37 8.50 
7 4.44 8.80 
8 4.56 9.26 
9 4.39 9.07 
10 4.28 9.02 
� 11 4.59 9.69 
12 4.63 10.04 
13 4.01 8.74 
14 4.22 9.32 
15 3.18 7.08 
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Fig. 3.8 Annual marginal increments in scales of Pomacanthus imperator. 
Each column represents percentage marginal increment with standard 
deviation. Number of fish sampled is indicated in each column. 
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£ Fig. 3.9 Relationship between Standard Length and Preopercular Spine Length 
^ of Pomacanthus imperator (n=191). Equation of the regressed line is y = 
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Fig. 3.10 Change in Fulton's Condition Factor with age in Pomacanthus 
imperator. Each point represents the mean value with standard deviation. 









a T T 
: 1 6 - T / 二 厂 人 
： T I “ , ' " > \ T 
1 言 1 4 - / • I 1 i 1 ,, \ „ 
1 r / . 1 • 
: § 12 - / 
2 、、 ^ / 
o / 丄 
—^  T/ 
‘§ 10 - / 丄 3 fe ^ ^j 
S 书 
o 8 - “ 
E^ 
6 -
- L . 
...«• 
� 4 ^ 1 1 1 1 1 1 1 1 I 
0 2 4 6 8 10 12 14 16 18 
‘ Age (years) 
Fig. 3.11 Chagne in Modified Fulton's Condition Factor with age in 
Pomacanthus imperator. Each point represents the mean value with standard 
...i _ ... 
deviation. Equation of the regressed quadratic equation is y = 9.77 + 1.32 x -
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1 
I ‘ The Fulton's Condition Factor falls in the range between 0.00318 and 0.00463. An 
I initial increase in value (up to 6 years) is evident. After 10 years of age a tendency of 
t 1 ^ 
decreasing Fulton's Condition Factor with increasing age is observed. When plotted 
against age, the points fit to a second order polynomial described by the formula y = 
3.74 + 0.21 X • 0.015 x^  (r^  = 0.666). 
The modified Fulton's Condition Factor ranged from 0.008 to 0.016. A similar 
pattem as in the former curve is observed. The highest value is observed at 9-10 years 
of age, after which time the value declines at more or less the same rate at which it is 
increased. Formula of the regressed second order curve is y = 9.77 + 1.32 x - 0.07 x .^ 
3.6.9 Growth Index 
The growth index =ln(Ln+i / L^ ) L^, where L^+i and L^ are the average standard 
length of the n+l-th and n-th age groups respectively. 
The growth index of various age groups were calculated and tabulated in table 3.4 
below: 
The points fit well into a curve (Fig. 3.12) of double exponential decay described 














‘ Table 3.4 Growth Index for the various age groups, Pomacanthus imperator. 
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Fig. 3.12 Change in growth index with age in Pomacanthus 
imperator. Equation of the regressed double exponential decay 
curve is y = l . O l e ^ + 0.026他. 
j . 
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3.6.10 The von Bertalanffy parameters 
The von Bertalanffy parameters obtained were L^= 40.89，Woo= 2782.7，K=0.073, 
I to= -0.79 respectively. The theoretical growth curves for standard length and body 
场 weight are plotted and given in Figs. 3.13 and 3.14 respectively. As predicted by the 
I 
'^ von Bertalanffy growth curve, the asymptotic length of Pomacanthus imperator 
would be 40.9 cm and asymptotic weight would be 2.8 kg. 
？ 
As judged from the predicted rate of increase in standard length of Pomacanthus 
imperator (Fig. 3.15), the rate of increase in standard length typically decreases with 
i 
increasing age and approaches zero at ages > 60 years. 
The growth rate in body weight of Pomacanthus imperator (Fig. 3.16) is an 
asymmetrical curve having one inflexion point. Growth in body weight increases 
steadily up to ages of 11 years, with an inflexion point at 14 years of age 
(corresponding to an average body weight of 740g). 
The instantaneous rate of increase in standard length of Pomacanthus imperator 
is given in Fig. 3.17. The curve is typically quadratic; the initial value of the 
instantaneous rate of increase in standard length is -0.21 and approaches zero at ages > 
60 years. 
The instantaneous rate of increase in body weight of Pomacanthus imperator was 
given in Fig. 3.18. The values fall between -4 and 11 and two inflexion points are 
observed. It is shown that the species grows most rapidly at an age of 3 years (during 
which time the mean body weight increased from 3.6g to 85g, constituting 2.4% of 
the ultimate weight). The instantaneous rate of increase in body weight then declines 
and reaches zero at an age of 14.4 years (875g), the value is lowest at an age of 25 
years, with the lowest rate of increase in body weight (1830g). 
As a conclusion, the life span of Pomacanthus imperator could be more than 40 
years and the species is capable of actively growing up to 25 years, after which the 
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Figure. 3.13 von Bertalanffy growth curve for standard length of 
Pomacanthus imperator. Closed circles represent standard length 
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I 3.7 Discussion 
. . . 
I Information concerning the dynamic environment of an organism is capable of 
"银 
being preserved as a structural, morphological, or chemical change in the skeletal 
parts of individual organisms (Rhoads and Lutz, 1980). A specific change in 
environmental parameters might involve one or several of these variables. In the 
teleosts, for example, ecological stress factors such as temperature, salinity, food 
availability and light can induce a change in the distance between circuli in scales or 
zones in otoliths (Simkiss, 1974). However, temperature, through its effect on the 
fish's metabolic rate, is often considered to be the principal agent of armulus 
formation (Graham, 1928). In another report, Hogman (1968) indicated that there is an 
annual cycle of metabolism in fish set by changes in day length, and that this 
fluctuation in metabolic rate is capable of causing the formation of annuli and 
accessory checks irrespective of the availability of food. 
Aging of fish from tropical waters have been reported through annual increments 
in otolith (Fowler and Doherty，1992) and supported by tetracycline staining of the 
otolith. As pointed out by Longhurst and Pauly (1987), a seasonal difference in water 
temperature of 4-5 °C was necessary to cause distinguishable increments in tropical 
fish. As reported by the South China Sea Institute of Oceanography, Academia Sinica 
(1985), based on a survey from 1979 to 1982, the lowest surface water temperature of 
the Dongsha Islands (where Pomacanthus imperator was collected) was recorded in 
winter (22 °C, December) and highest in summer (29 °C, June). The average seasonal 
difference in surface water temperature was 7 °C, such an annual difference in surface 
water temperature justifies the formation 6f annulus in fish scales as proposed by 
Longhurst and Pauly. 
There is little information on the age and growth of the pomacanthids. Moyer 
(1986) based on continual field observations of a population of Centropyge tibicen at 
Miyake-jima, Japan, reported the longevity of Centropyge tibicen to be six years. Yet 
the research was incomplete because the population under observation had been 
destroyed by abnormal seasonal decrease in water temperature to 13 °C for more than 
one month. Thus the longevity of smaller sized pomacanthids (such as Centropyge 
128 
^ 
! sp.) should be more than six years, and this value should be higher for pomacanthids 
I 
t of larger size. From the von Bertalanffy parameters obtained, Pomacanthus imperator 
could live up to 40 years, and this is indirectly supported by the resemblance between 
the calculated asymptotic length and the actual reported size. 
The predicted L^ of 40 cm for Pomacanthus imperator coincides with the reported 
values of maximum standard length of this species (van der Elst, 1988; Smith and 
Heemstra, 1986). In this research the maximum size of specimens collected was 29 
cm (16 years), which reflected that the sample range of specimens might not cover the 
entire size range of this species. The lack of specimens above the 16th year class 
could be explained by their relative abundance. The pomacanthids are reported to seek 
protection by hiding among coral crevices and caves in coral reefs (Allen, 1979). For 
some cryptic pomacanthid species the reliance to the shelter is so strong that they have 
never been observed out of the coral head which they seek shelter (Pyle, 1989c). In 
highly competitive environments such as the coral reef, pomacanthids of larger size 
are less protected by crevices, caves etc. so that the chance ofbeing attacked or preyed 
might increase with increasing size. As large-sized specimens took extremely long 
periods to attain (it takes 40 years to grow to 40 cm as predicted by the von 
Bertalanffy curve), removal of these specimens by predation, disease, or human 
activities are less likely to be replaced due to the long time required for the fish to 
attain such a length. 
* Alternatively, the specimens involved in this research were collected for the 
aquarium trade, in which small to medium sized (up to 15 cm) fishes are preferred. 
Collection of aged specimens are avoided by suppliers because these specimens are 
more difficult to handle and transport, need more space in the aquarium, less 
adaptable to the tank environment and are less tolerant to changes in diets and 
chemical parameters. In other words, larger specimens are more difficult to keep alive 
in captivity and in tum their demand is lower than that of the smaller ones, and thus 
their commercial value might not be as high as that of the smaller specimens. 
As judged from the von Bertalaffy parameters, the inflexion point, and the back-







imperator and possibly other pomacanthids are relatively slow growers. The K value 
(0.073) of Pomacanthus imperator for example, is found to be much lower than that 
of other teleosts. The reported K vlaue for the haddock (Melanogrammus aeglefinus 
麗 （Linnaeus)) ranged form 0.2 to 0.3 and that for North Sea herring (Clupea harengus 
I (Linnaeus)) ranged from 0.35 to 0.5 (Jones, 1976). The growth rate of Pomacanthus 
~f 
i imperator is similar to slow growers such as the eel {Anguilla anguilla (Linnaeus)), 
I 
t which ultimate length and K value was reported to be 1045 mm and 0.046 
‘ respectively (Moriarty, 1983). The mean incremental growth per year of eel was 
reported to be 33 mm, a rate which is slower than that of Pomacanthus imperator 
f 
！ when the differences in ultimate length between the two species is considered. While 
the annual increment of Pomacanthus imperator was found to be about 20 mm per 
year (Table 3.2), such a value reflected a higher growth rate for an ultimate length of 
408 mm when compared with a value of 1045 mm of the eel. 
Such a low growth rate of Pomacanthus imperator and posssibly other 
pomacanthids might be related to their diets, which are chiefly plankton (in juveniles 
only), sponge, tunicates and algae (Steene, 1977; Allen, 1979). It is well known that 
the sponges and tunicates are nutritively poor. Algae are also low in protein and 
carbohydrate content so that the amount of nutrient derived might be lower than that 
derived from other diets such as invertebrates or fish. Alternatively, majority of the 
pomacanthids are solitary and show no shoal formation (Steene, 1977; Allen, 1979). 
Individuals of the same species tend to utilise all spaces available in the coral reef due 
to intraspecific aggression, a common phenomenon among the pomacanthids (Steene, 
1977; Allen, 1979). Different individuals might encounter different environmental 
parameters such as depth, food type and availability, light, wave action or mass 
movement of water, availability of shelter, predators etc. These factors might affect 
the growth rates of the inhabitants differently so that the growth rate of the 
pomacanthids might be expected to be not as even as shoal forming fish species 
especially those in the temperate regions. Moreover, unlike the temperate species 
which spawns only once throughout the year, the pomacanthids and other tropical 
species were reported to perform multiple spawning throughout the spawning season, 
which could last from several months to the entire year (Lobel, 1978; Thresher, 1984; 
i ； 
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I Arai, 1994). Such a spawning habit also contributes to the variations in length among 
I individuals of the same year-class. Unlike some of the temperate species in which 
\ different year-classes having discrete ranges in length, the length-at-year in tropical 
species such as the pomacanthids might well overlap in adjacent year-classes. 
As revealed from the growth curve and the gonad dissections of Pomacanthus 
imperator, this species is a protogynous hermaphrodite and sexual maturity takes at 
least 5-6 years for females and 9-10 years for males (Fig. 3.5), growth in body weight 
is most rapid during the first 3 years of the life span, attaining a body weight of 85g 
’ and a standard length of 12cm (2.4% of the ultimate weight and 30% of the ultimate 
length respectively). It is well known that Pomacanthus imperator and other 
pomacanthids species are heavily sought after in the aquarium trade (Moenich, 1991). 
Most of the Pomacanthus imperator specimens collected for the aquarium trade are 
less than 10 cm in standard length (i.e. corresponds to an age of 2-3 years), and 
occasionally up to 15 cm standard length (corresponds to an age of 5-6 years). As 
indicated by this research specimens of such sizes are juveniles, subadults, and young 
females. Exploitation of such resources might possibly threaten the replenishment of 
the spawning stock in the future. However, the effect of such a harvest is difficult to 
assess without the knowledge of the natural stock. Alternatively, as mentioned above, 
the juveniles of the pomacanthids tend to disperse throughout the reef, controlled and 
restricted removal of some individuals might help to enlarge the territories and hence 
facilitate the growth and survival of the remaining individuals. 
I 
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I ‘ CHAPTER 4 
i 
Studies on Isozymes of the Pomacanthidae 
There is no general agreement as to the definition of systematics, and of the 
related words, such as taxonomy, biology system and classification (Minelli, 1993). 
肩 
.濉 
i Abbott et al. (1985) and Hawksworth and Bisby (1988) described the context of 
3 . 
I taxonomy as ‘a taxonomic information system comprising classification, 
‘ nomenclature, description, and identification aids', whereas systematics was defined 
as ‘taxonomy plus the biological interrelations - breeding systems and genetics, 
phylogeny and evolution processes, biogeography, and synecology'. However, with 
the increasingly wide range of fields being investigated by taxonomists to substantiate 
classificatory arrangements, the separation of taxonomy and systematics has become 
obsolete (Ax, 1984，1988; Hawksworth and Bisby, 1988; Minelli, 1993). 
4.1 Different Approaches to Systematics 
In general terms, classification refers to the placing of objects in groups in such a 
way that the members of the groups bear a closer relationship to members of the same 
group than they do to members of other groups (Pankhurst, 1991). The process of 
forming the groups is referred to as grouping or clustering, during which several kinds 
of relationship among groups may be considered: (a) phenetic relationships, based on 
a comparison of the phenotype (morphology); (b) phylogenetic or cladistic 
relationships, based on theories of the evolutionary history of the organisms, or (c) 
genetic or genomic relationships, based on the genetic constitution of the organisms, 
or even actual knowledge of the sequences in DNA and RNA molecules (Pankhurst， 
1991). 
4.1.1 Phenetic Analysis 
Phenetic analysis is intended to illustrate the relative genetic similarities between 
species (Sneath and Skoal, 1973). It creates a taxonomic arrangement reflecting 
overall similarity and is based on a large set of characters, usually without placing 
emphasis on any particular character. As a consequence, phenetic relationships do not 
132 
necessarily reflect phylogenetic relationships (Richardson et al,, 1986). In phenetic 
classification, the tree of classification which results from a clustering is usually 
represented in a dendrogram (also known as phenogram), which consists of different 
taxa plotted on an axis and the level of similarity on the other. The nodes of the trees 
置 are drawn as vertical lines, and represent the levels at which the taxa (or group of 咨 I 
I taxa) are merged. 
I � 
� 4.1.2 Cladistic Analysis 
f Alternatively, in cladistic or phylogenetic analysis, it is believed that taxonomy 
should only reflect phylogenetic relationships. Different from that of phenetics, a tree 
diagram (cladogram) in cladistics consists of a vertical scale which represents time, 
and nodes [representing extant or extinct species (or any higher taxa)] which are 
joined by lines to denote descent or ancestry (Pankhurst, 1991). 
In cladistics, various groups of organisms can be defined in terms of the tree 
structure in the cladogram. A group of organisms having a common ancestor is said to 
be monophyletic, in such case the group of organisms is called a clade. Alternatively, 
a paraphyletic group refers to one which has a common ancestor but not all the 
descendants, and different groups within the tree not including a common ancestor are 
said to be polyphyletic (Hennig, 1966; Pankhurst, 1991). An outgroup of a clade is 
another group which cladistically outside the clade, and a sister-group of a clade is the 
outgroup which is closest genealogically to the clade (Hennig, 1966; Pankhurst, 
1991). 
The groups in a cladogram can also be defined in terms of the state of the 
character they bear, the character state of the ancestor is said to be primitive, ancestral 
or plesiomorphic, while that of the descendants is termed as advanced, derived or 
apomorphic (Minelli, 1993). In this approach, two taxa of organism sharing the same 
advanced character state is said to be synapomorphic, and two taxa sharing the same 
ancestral character is said to be symplesiomorphic. Synapomorphy is an evidence of 
common ancestry, i.e., the two taxa are monophyletic. Although symplesiomorphy 






monophyletic relationship because there might exist some groups which are extinct. 
I Thus the groups which are symplesiomorphic might be paraphyletic. In this approach 
i 
I polyphyletic groups are said to share the same character state through convergence. 
When a cladogram had been constructed based on the hypothetic ancestry of a group, 
i the differences in character states between a species and its relatives is expected to 
conform with the structure of the tree. In practice, the term homoplasy refers to the 
‘ situation that some character-state distributions do not agree with the structure of the 
tree, an example of which is that two groups sharing a common character state having 
a common ancestor which does not have that character (Minelli, 1993). 
Clustering usually starts with picking the groups which have advanced character 
states. However, there exists practical problems as proposed by Hennig (1984): (a) a 
method is needed to decide character polarity, i.e., which character state is ancestral, 
(b) some methods are required to handle homoplasy, and (c) as coined by Pankhurst 
(1991), in some cases the rooted tree does not conform to how evolution took place. 
Such problems can be solved by using outgroups as references, and by considering 
ontogeny, geographical distribution, or even with the aid of fossil records (Pankhurst, 
1991). Once a set of assumptions and hypothesis has been chosen, the cladogram can 
be constructed by several algorithms, usually with the aid of computer programs: (a) 
complete search of all trees, the most parsimonous trees can be obtained by this 
method; however, this method is prohibitive in terms of the length of time it takes to 
obtain the required tree; (b) heuristic search which searches in a rational way for a 
reasonably short tree, but there is no way of knowing whether the tree found is the 
best one; (c) graphic search which illustrates the possible trees and the characters on 
them, and tools are provided to explore and manipulate the trees (Pankhurst, 1991). 
In essence, the elements of cladistic analysis are (a) assess the character states, (b) 
classify the character states for each character as synapomorphy or symplesiomorphy, 
(c) eliminate all symplesiomorphies from further consideration, (d) eliminate all 
autapomorphies (unique possession of a derived state, which is of no cladistic value) 
from further consideration, and (e) derive a cladogram based upon synapomorphies 
(Richardson et al, 1986). 
i 
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i 4.2 An Overview on Biochemical and Molecular Systematics * 
# 
I Morphological characters are traditionally used as the criteria to estimate 
f systematic relationships not only for lower systematic categories (such as species) but f 
: also for higher categories. As these characters include non-genetic variations « 
, correlated with environmental factors, both meristic and morphometric characters 
sometimes may lead to confusions in identification of species in lower levels of taxa 
‘ (Taniguchi et al., 1986). On the other hand, biochemical characters such as isozyme 
I or allozyme patterns which are strictly controlled by genetic factors, can be detected 
by electrophoretic methods and thus provide genetic information on the species 
studied. Hence biochemical characters are useful in systematics for the study of 
relationship and divergence among taxa (Grudzien et al., 1992; Stepien et al； 1993; 
Bolch et aL, 1994). 
j Enormous development in biochemical and molecular systematics has taken place 
I 
in the past two decades. The approaches in this field have been diverse, both in 
theoretical and in the operational aspects of gathering and handling data (Young, 
1988; Minelli, 1993). Young (1988) summarised the most important techniques used 
in biochemical and molecular systematics into two fields; those which study proteins 
and those which study nucleic acids. The techniques used to study proteins are protein 
immunology, electrophoresis of proteins, and amino acid sequencing. For nucleic 
acids the techniques are nucleic acid hybridisation, DNA restriction fragment 
analysis, and nucleic acid sequencing. Both protein immunology and nucleic acid 
hybridisation can only provide information on similarity of macromolecules (i.e. 
unpolarized similarity or distance data). Protein electrophoresis and DNA restriction 
fragment analysis provide information on the partial structural details of 
macromolecules without ftu:ther resolving their structures, which can only be obtained 
by employing sequencing techniques. 
4.2.1 Biochemical Systematics 
• •?-
The basic principle of immunological techniques is the relative reactivity of an 
I 
! antibody towards heterogeneous antigens. Immunological techniques have been 
I 
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mainly applied to vertebrates, with special attention being given to albumins and 
transferrins (Maxson and Maxson, 1990). 
Electrophoresis is used to separate proteins according to their relative mobilities 
in an electric field. Electrophoretic analysis of proteins has been proved to be 
particularly useful in differentiation of closely related organisms (i.e. between 
垂 different populations of a species, or different species of the same genus), and have 
I helped to distinguish sibling species, reproductively separated populations, or groups 
I of populations apparently indistinguishable by conventional morphological 
I techniques (Hubby and Throckmorton, 1968). 
I I 4.2.2 Molecular Systematics 
^ 
1 The technique of amino acid sequencing was developed in the 1960s and early 
^ 
^ 1970s when detailed nature of the genome was unknown (Fitch and Margoliash, 
J 1967). Theoretically amino acid sequencing should provide phenotypic evidence 
：： closer to the genotype. However, this evidence did not always match with 
三 conventional classification based on morphology. With the subsequent development 
1 . . 
in molecular phylogenetics and systematics, there have been a shift of interest from 
； proteins to nucleic acids. Both DNA and RNA have been proved useful in molecular 
± systematics. The RNA molecules of choice have been ribosomal RNA (rRNA) 
-: (Ohama et al., 1984; Hendriks et aL, 1986; Hori and Osawa, 1987), and the target of 
-,;:5 . 
I interest of DNA molecules have been mitochondrial DNA (mtDNA) (Moritz et al., 
i 1987) and chloroplast DNA (cpDNA) (Harris and Ingram, 1991) rather than nuclear 
•m 




， 4.2.2.1 Nucleic Acid Hybridization 
I 
- One approach to the study of molecular systematics has been DNA-DNA 
m ‘ 
I hybridization. Isolated DNA molecules from two different species are heated together 
: to form single strands. As temperature is lowered "hybrid" DNA molecules may be 
一 formed between homologous sequences of DNA of the two species. The "hybrid" 
I DNA molecules will dissociate at a lower temperature than the homologous 
'4 
1 counterparts because only partial bonds are formed between heterospecific strands. 
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This method is relatively easy, time saving and allows the comparison of whole DNA 
complement between different organisms. However, one of the major drawbacks of 
this method is the particular sensitivity to genome size differences between two 
species to be matched (Werman et al., 1990). 
!
4.2.2.2 Restriction-site and Sequencing Analysis 
Restriction-site analysis has been widely applied to plant cpDNA and animal 
I 
I mtDNA (Dowling et aL, 1990). This approach consists of analysing the restriction 
W 
I site fragments (RSF) obtained by treating nuclear acid molecules with restriction 
I enzymes. However, this technique is evidently coarser than sequencing, which is the 
I most exhaustive way to recover information from macromolecules. Sequencing of 
. 1 
nucleic acids has become easy at reasonable cost particularly with the aid of 
polymerase chain reaction which allows "amplification" of minimal amounts of 
I 
material (Olson，1991). 
4.3 Isozyme Electrophoresis 
The general term "isozyme" (Markert and M0ller, 1959) refers to any enzymes 
sharing a common substrate but different in electrophoretic mobility. In contrast, the 
more specific term "allozyme" (Prakash et aL, 1969) is used to define the protein 
products of a single genetic locus which differs in electrophoretic mobility and whose 
segregational behaviour in populations follows Mendelian patterns. Proteins which 
migrate differently in an electric field are usually different in at least one amino acid 
residue. By the colinearity of amino acid sequence with DNA sequence it implies that 
these proteins are coded by segments of DNA which differ in at least one base pair. 
Thus, electrophoretic mobility of proteins provides indirect information about DNA, 
and the common practice of designating segregated proteins as alleles (alternate forms 
of a gene) is justified (Gottlieb, 1971). 
Electrophoretic techniques were first used by Tiselius (1937; cited by Brewer, 
1970) to distinguish multiple fractions of serum proteins migrating through solution 






techniques and knowledge render it feasible for allozyme electrophoresis to be useful 
in phylogenetic studies. These include (a) improvements in types of supporting media 
|
including the development of starch gels (Smithies, 1955) which are widely used 
today, (b) the application of histochemical staining methods (Hunter and Markert, 
I 1957), which allow analysis of electrophoretic variation in allozymes, and (c) the 
嫌 . . 
f demonstration that much of the electrophoretic variation was inherited in Mendelian 
通 
I 
^ fashion. By the mid 1960s, electrophoretic techniques were sufficiently refined to 
暴 
， permit examinations of a large number of different proteins in the same organism, and 
二 thus provide a new way for phylogenetic as well as population structure analyses 
. (Gottlieb, 1971). • 
够 
i Avise (1974) raised the advantages of employing electrophoretic techniques 
<<r 
relative to more conventional techniques such as morphology in systematics studies: 
^ a. the enumeration of alleles and their frequencies are objective determinations which 
'I are based solely on the mobility ofbands on gels; 
I b. the genetic characters which are routinely examined (such as most of the glucose 
metabolising enzymes) show no age, sex, physiological state or environmental 
specific variation; 
c. allozyme data relate directly with the number of loci examined; in contrast, the 
genetic basis of behavioural, morphological, or physiological traits is seldom 
known; 
d. electrophoretic techniques yield very precise data on genetic contents of organisms, 
I and only amino acid or nucleotide sequencing promise to give greater precision; 
e. a priori weighing of characters is not a problem in electrophoretic data, each locus 
is accorded equal value. Alternatively, a posteriori weighing may be practised if 
some loci appear to be of higher value than others in elucidating systematic 
relationships; 
f. for most loci examined, common function strongly implies common origin (i.e., 
】.： 
analogy implies homology); 
g. because of the occurrence of analogous (and, very likely, homologous) loci in 
widely divergent animal groups, one can attempt to answer questions about the 




Avise (1974) also pointed out the disadvantages of the electrophoretic approach to 
systematics: 
，i . I a. enzyme comparisons are restricted to extant species, a major restriction not faced by 
• morphologists when a fossil record is available; 
I b. there is a finite number of distinguishable band mobilities on a gel; thus the larger 
i -
I the number of species which are run for a particular enzyme, the more likely it is 
W： 
I that some species will appear to share alleles when they actually do not; 
» 
I c. although objectivity is a major advantage of electrophoretic data, scoring of data is 
f not always easy and some practice and training is required; 
. d. many nucleotide changes may occur without altering the amino acid sequence, and 
# 
many amino acid changes may occur without altering the net charge of the 
polypeptide. Ayala et al. (1972) estimated that only 30% of the possible nucleotide 
substitutions code for amino acids with different charges. This bias, together with 
chance identities in band mobilities, will cause underestimation of protein 
differences between populations. Therefore estimates of genetic distance should be 
considered minimal; 
e. electrophoretic methods sample primarily water-soluble proteins encoded by 
structural genes, but one cannot evaluate the degree of the bias in the sample ofthe 
genome because we do not know the percentage of genes that encode structural 
proteins; 
f. electrophoretic data do not include any information on the number of amino acid 
differences between proteins. Two alleles may be separated by one or more 
mutational steps. -
Enzymes probably diverged in function (as evidenced by tissue specifications) 
very early in the history of teleosts (Avise and Kitto, 1973). The specific pattem of 
tissue distribution is thus indirect evidence of functional divergence. It is, therefore, 
important to examine several tissues, because comparative studies of tissue 
distributions of protein loci among taxa can provide valuable insight into the 
evolution of genomes and evolutionary divergence (Fisher and Whitt, 1978)，and 
because it would then be possible to identify homologous loci among taxa. 
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4.3.1 Isozyme Electrophoresis in Population Genetics 
Analysis of electrophoretically detectable genetic variation can be a useful way of 
|
inferring the genetic structures of natural populations (Sanchez et aL, 1991) and for 
delineating taxonomic relationships. Such analysis requires a large number of loci to 
囊 be examined to provide accurate estimation of the amount of divergence between 
I populations or species (Van der Bank et al., 1989). Populations belonging to different 
隱 species almost invariably show considerably more genic differences, even most 
!
closely related species are almost completely distinct in allelic composition at an 
average of about 1/4 to 1/2 of their loci (Avise, 1974). The large biochemical 
毽 differences between species make electrophoretic techniques of great value in f 
f describing and identifying members of different species and even sibling species ', 
I (Hubby and Throckmorton, 1968). 
Electrophoretic data might reveal genetic difference at the subspecies level despite 
气 the high degree of similarity between most conspecific populations (Avise and Smith, 
4 
: 1974). Ayala et aL (1972) pointed out that the proportion of monomorphic loci ranges 、： 
I from 80 to 90% in most vertebrates. These monomorphic loci are almost invariably ？ 
^ ‘ 
"J fixed for the same allele in all conspecific populations. Thus the greatest contribution 
？ to genetic divergence between conspecific populations comes from differences in 
4. . 
I allele frequencies at polymorphic loci. 
•4 
海 '^  Despite the usual high degree of similarity between conspecific populations, allele 
嫩. 
frequencies at polymorphic loci are often heterogeneous, and some populations may 
I be consistently distinguished on the basis of allele frequency differences (Utter et al., 
m . 
翁 
I 1973). Electrophoretic data have also demonstrated the presence of codominant allele 
I variation which may be used to identify stocks of wild and cultivated aquatic species i 
* (Grant et aL, 1980; McAndrew and MaJumdar, 1983; Utter et al., 1974; Van der 
5 Bank and Ferreira, 1987). 
級 
, In population genetics, a clear distinction should be made between allele 
frequency and genotype frequency. Allele frequencies are the relative frequencies of 
•t 
i TST' m 
# 等 
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the various alleles (e.g. Ai, A2 etc.) at a locus, and genotype frequencies are the 
j proportion of different genotypes (e.g. AiAi, A1A2, A2A2 etc.) in a population 
(Richardson et al., 1986). Using the relative frequencies of the various alleles at a 
Ilocus it is possible to estimate the relative frequency of each genotype that would be found if a randomly mating population was sampled. For an autosomal locus with two alleles (A!，A!) in a randomly mating population of a diploid species, the frequencies of the genotypes are (p+q)^ where p and q are the frequencies of the alleles A! and A2 respectively. Such a genotype frequency will remain constant from one generation to the next unless there are disturbances. This general solution was proposed by Hardy and Weinberg independently in 1908, and was known as the Hardy Weinberg Equilibrium distribution (Hardy, 1908; Weinberg, 1908). 
m 
I The Hardy Weinberg Equilibrium distribution is a theoretical one which is based 
I on the following assumptions: (a) there is random mating between genotypes; (b) the 
j ^ 
(population is large; (c) there is no differential selection between genotypes; (d) there 
is no differential immigration or emigration of genotypes; and (e) there is no 
I mutation. Thus the genotype frequencies can be distorted from those predicted by the 
;~ Hardy Weinberg Equilibrium by a number of factors. The correct interpretation of 
m f such distortion is fundamental to the analysis of the structure of the population : 麟 
运 sampled (Richardson et al., 1986). 
I ‘ ‘ 
覉. f 4.3.2 Isozyme Electrophoresis in Phylogenetic Analysis | -
5 At the other extreme, the value of electrophoretic data diminishes as the range in 
j 
^ similarity values decreases, as in the case ofexamining phylogenetic relationships of 
i organisms above the genus level (Avise, 1974). It is often assumed that allozymes are 靈 
i«ife 
番、 not particularly useful for examining phylogenetic relationships between more 
麗 divergent taxa primarily because of the decreasing number of common alleles. 
醒 Despite the fact that allozymes are more commonly used in systematics to compare 
靈 • 
1 species within genera rather than genera within families, allozyme electrophoresis has 
I been proved to be powerful tools in family-level systematics studies on fish (Kijima § 
1 et al” 1986; Taniguchi et aL, 1986; Grudzien et al., 1992; Stepien et al., 1993; Bolch 
I 
I et al., 1994). In addition, many isozyme level characteristics such as the number of 
f •‘ 
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loci in a multilocus system, regulation of expression, and heteropolymer assembly can 
be applied to higher taxonomy problems (Buth, 1984). 
I It is believed that allele replacement (measured as fixed differences between 
I populations) is the significant biological event in taxonomy (Richardson et al., 1986). 
^ • • 
•‘ The advantage of measuring fixed differences is that its interpretation is easier than 
J interpreting allele frequency differences, both statistically and conceptually. 
i According to Baverstock et al. (1977), for vertebrates, populations of the same 
species seldom differ at more than 14% of loci. Therefore allopatric populations with 
.¾ ！ fixed differences at more than 20% of loci can be considered separate species, even in 
-¾ 
the absence of other supporting data (Richardson et al., 1986). Based on the same 
argument a single individual is representative for the whole population for, on 
average, 85% of electrophoretic characters. Thus it was suggested that in assessing 
the extent of genetic divergence between allopatric populations, it is far more 
important to screen a few individuals for many loci than many individuals for a few 
loci. Based on economy and conservation standpoints, to represent a population in a 
phylogenetic study, no more than two to three individuals need to be sampled, 
preferably with four populations per each taxon (Richardson et al., 1986). 
4.3.3 Standard Procedures in Treatment ofAllozyme Data 
In application, allozyme data can be treated in a stereotyped procedure, which 
consists of (a) interpreting electromorphs on gels in terms of allozymes, (b) 
computing allele frequency of various loci, (c) converting allele frequency data into a 
measure of genetic distance, and (d) clustering these coefficients (Avise, 1974; 
Barrowclough, 1983). These measures help to consolidate the allozyme data into 
manageable proportions and facilitate the visualisation of general relationship among 
groups. 
4.3.3.1 Interpreting Electromorphs on Gels 
The banding patterns following electrophoresis are rarely as simple as those based 
on a knowledge of simple biochemistry. The most important and critical step in 
allozyme electrophoresis is thus the formulating of explanations for the banding 
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！ ’ pattems scored from a gel. Knowledge and experience in theoretical and practical 
electrophoresis and in comparative biochemistry is of considerable advantage in 
successful, consistent interpretation. In practice, the following characters are 
compared between different slots after an electrophoretic run: (a) the number of 
!
isozymes possessed by each sample, (b) the relative position of apparently equivalent 
isozymes between samples, and (c) the relative intensity of these equivalent isozymes. 
養 
I When interpreting the banding pattems the following principles are observed 
I 
I (Richardson et aL, 1986): 
I a. Allozymes of different mobility reflect different alleles but allozymes of the same 
二 mobility does not necessarily indicate the same allele. 
;m 
- b. One should invoke the minimum number of loci consistent with expectations to m 
: describe the banding pattems on any zymogram. Usually the presence of two zones 
less than 0.5 cm apart on a gel should be viewed as due to sub-banding rather than 
m 
the products of a separate locus unless there are strong indications to the contrary. 
： c. The population under study is assumed to be in Hardy Weinberg equilibrium. 
i d. The major isozyme of a freshly prepared homozygote will usually be the most 
I active of all the isozymes associated with a locus. In heterozygotes each major 
I 
I isozyme will likewise be stronger than any of its own associated secondary 
: modifications. 
- e. Two adjacent allozymes should be interpreted as representing two different 
j mobility states only when the apparent separation is at least as great as the 
，〜. 
s-: thickness of the zones. •. 
f. Since different samples may contain different levels of activity and react at different 
s rates, not all samples on a gel will necessarily be scorable at the same time. It is 
~ thus important to check the gel regularly and carefully monitor the time-dependent 
I increase in the intensities of all isozymes on a gel. In the course of time the major 
= isozyme may exhaust its substrates and cease to increase in intensity whilst the 
• 
- secondary isozymes continue to produce more visible bands. Thus the presence of 
secondary isozymes on final gels is the artificial result of the staining procedure. 
_ . 
Hb 
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4.3.3.2 Allele Frequency 
Allele frequency is usually obtained by observing and counting the number of 
phenotypes in a zymogram. Each locus was identified based on tissue specificity, 
consistency with the subunit structure of the enzyme, and differences in position of 
the homomeric bands (assuming inheritance in Mendelian fashion). The presence of 
only one band at a locus represents homozygosity, irrespective of the tertiary structure 
I of the isozyme under investigation. The presence of two, three, and five bands at a 
1 � — — ^ 
1 respectively. For each locus two alleles are assigned, which are identical in 
I homozygotes and different in heterozygotes. The allele frequency of a certain allele at 
I a locus is obtained by summing the number of the respective allele over all 
I electrophoretic runs and divide it by the total number of all scorable alleles at the 
I same locus. Since the allele frequency represents the chance of occurrence of a certain 





: 4.3.3.3 Genetic Distances 
?-. Among the various distance coefficients proposed, two coefficients have come to 
• predominate in the systematic literature: the genetic distance coefficient (D) proposed .^ 
j by Nei (1971，1972), and the similarity coefficient (iS) proposed by Rogers (1972). 
云 Nei's genetic distance (D) measures the mean number of electrophoretically 
i detectable substitutions per locus that have accumulated since the two populations 
— diverged form the common ancestor. This coefficient can be corrected for error due to 
^ 
: small sample sizes ^sfei, 1978)，however, it is nonmetric and does not satisfy the 
: triangle inequality (when comparing the distance among three taxa A, B, and C，the 
1 ' distance (A,C) must be less than or equal to the sum of distance (A,B) and (B,C)). 
靈 
I Genetic distance (D) can be related to another coefficient, the genetic identity (I) such 
~ that I = 1/ eD. The genetic identity value represents the average probability of 
selecting two electrophoretically identical alleles per locus, one from each of two 
m 









On the other hand, Rogers's similarity coefficient (S) estimates the mean 
geometric distance between allele frequencies, and summarising this information 
across all loci. This coefficient satisfies the triangle inequality and has fewer 
restrictions on its use in certain clustering algorithms. However, this coefficient has 
not been modified to correct for small sample sizes (Buth, 1984). 
—— 
f Clustering can be interpreted as the forming of groups. There are two main types 
£ 
^ 
\ of clustering method, the agglomerative and the divisive. The agglomerative method 
I 
] starts with individual objects andjoining them into successively larger groups and the , 
divisive method starts with all objects in one group, and dividing this group into small 
groups (Pankhurst, 1991). 
Several methods of agglomerative clustering are available, among which are: 
(a) Single link method (or nearest neighbour method): estimates the similarity 
between two groups by taking the similarity of the two most similar objects. 
(b) Complete link method (or furthest neighbour method): opposite to the single link 
method, the two most dissimilar objects between two groups are chosen. 
(c) Average link method: the average of all the similarities between pairs of objects, 
one from each group being compared, is computed. 
(d) Minimization of sum of squares: each cluster is viewed as a group of points, a 
centre point is assigned in each group and the sum of squares of distances of each 
member to the centre is calculated. The closer the points in each group, the smaller 
will be the value of the sum of square of distances. If these sums are added for all 
groups, the total value should be smaller when the groups are densely clustered. In 
this method the decision of which groups to combine during clustering is based on 
finding the smallest resulting increase in the sum of squares (Pankhurst, 1991). 
(e) Consensus methods: techniques developed for comparing and combining different 
clustering methods. This method should be regarded as the summary of the features 
of other clustering methods and does not represent a "correct" classification from 




In practice, clustering is performed with the aid of computer program packages, 
among which are BIOSYS (Swofford and Selander, 1989)，NTSYS (Rohlf, 1988), and 
丨 PHYLIP (Felsenstein, 1985,1989). 
^ 
4.4 Taxonomy of the Pomacanthidae 
!
The classical taxonomy of the pomacanthids was studied in detail in 
comprehensive reviews of Fraser-Brunner (1933), Smith (1955, on the species in the 
westem Indian Ocean), Shen (1973, on pomacanthid species around Taiwan), Randall 
m 
1 (1975, on Genus Genicanthus Swainson), Steene (1977) and Allen (1979). Although 
1 there were differences in view points among the workers, the current theory of 
義 pomacanthid phylogeny has not been seriously debated. However, with the recently 
« described new species (Pyle, 1990a, 1992a; Pyle and Randall, 1993) and the erection 
n 
i of the genera Paracentropyge Burgess and Sumireyakko Burgess (Burgess, 1991), 
|
顯 controversy among workers seemed to be intensified (Pyle, 1992a; Pyle and Randall, 
1993，1994). In addition, reports of natural hybrids of the pomacanthids (Steene, 
1977; Allen, 1979; Pyle 1992b，c; Pyle and Randall, 1994) render the phylogeny of 
, the pomacanthids more obscure. Apparently there exists problems in the systematics ,-
;I of the pomacanthids that cannot be resolved by traditional morphological techniques. 
m 
i With the advent of the techniques for biochemical systematics, a new way is opened 




I Hong Kong, being the second largest market of ornamental fish in the world 
: (Rubec and Pratt, 1984), is actively importing ornamental fish from around the world. 
: Most species of aquarium fish could be obtained from aquariums at reasonable prices. 
I � The pomacanthid species, in particular, are highly sought after (Moenich, 1991) and 
m 
f are available throughout the year except for a few species which are highly restricted 
3 
I in distribution. The availability of such a complete range of live specimens at 
» 
塵 reasonable price provides a potential feasibility for studying the systematics of the 
1 
霊 pomacanthids. 
霤 1 .画 
m 
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: The purpose of this study is to estimate genetic divergence and relationships 
i among pomacanthid species using isozyme gene markers. The technique of isozyme 
j ‘ 
� electrophoresis was employed in this research because this method is powerful in 
^ delineating species at the genus to the family level. It is also relatively economic, easy 
謹 to handle, requires no specific or costly apparatus except the relatively economic gel 
養 apparatus. Moreover, this method works well with frozen specimens; such a 
I flexibility is considered as an advantage because some of the specimens sampled in •"• 
I this research were obtained in frozen form. 
1 垂 
I 4.5 Materials and Methods 
艦. 
« 4.5.1 Pomacanthid Species under Investigation '«. 
fta--
m 
1 As previously published genetic data of the pomacanthids are not available, this 
study of isozymes is extended to encompass all the pomacanthid genera that are 
5 available in the aquarium trade. A total of 31 species and 2 color variations 
3Vft" 
夺 
t (Holacanthus tricolor (Bloch): normal color morph and the "Brazilian" morph, and 
,.N.. 
f Centropyge bispinosus (Gunther): Pacific Ocean morph (Philippines) and Indian 
， Ocean morph (Indonesia)) covering all the pomacanthid genera were investigated 
— (Table 4.1). Species identification was after Fraser-Brunner (1933); Steene (1977); 
and Allen (1979). As the fish specimens were collected through the aquarium trade, >•. -
only the country of origin was known and there was no information on the exact site 
of collection. As far as possible only the specimens from the same shipment were 
： used for a species to avoid complications due to genetic differences among 
populations. The morphology of the species under investigation is given as color 
plates in Appendix F for reference. 
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Table 4.1. A list of the pomacanthid species studied in the present 
~ 
I Species investigated Number of 
I specimens 
i Apolemichthys arcuatus 3 
i Apolemichthys trimaculatus 4 
Apolemichthys xanthurus 3 
I Centropyge bicolor 5 
I Centropyge bispinosus (Pacific Ocean) 6 
量 Centropyge bispinosus (Indian Ocean) 3 
I Centropyge ferrugatus 4 
I Centropyge heraldi 4 
'i Centropyge loriculus 9 
a Centropyge multifasciatus 5 
^ 
I Centropyge nox 3 
f Centropyge potteri 3 
i Centropyge tibicen 4 
Centropyge vrolicki 3 
I Chaetodontoplus duboulayi 5 
^ Chaetodontoplus mesoleucus 4 
� Genicanthus semifasciatus 7 
•| Holacanthus ciliaris 8 
Holacanthus passer 4 
Holacanthus tricolor 8 
5^  
J Holacanthus tricolor ("Brazilian morph") 3 
I Holacanthus venustus 5 
I Pomacanthus annularis 3 
: Pomacanthus arcuatus 5 
5 Pomacanthus asfur 3 
* Pomacanthus imperator 5 
, Pomacanthus navarchus 2 
Pomacanthus paru 4 
Pomacanthus semicirculatus 6 
叙 
I Pomacanthus sexstriatus 3 
； Pomacanthus xanthometopon 5 
Pomacanthus zonipectus 3 
露. 
； Pygoplites diacanthus 4 
； Total number of specimens 146 
: Allozymes from white muscle; liver; and heart were studied. The species 
i are listed in alphabetical order. The total number of specimens studied for 
i a species is indicated in the extreme right column, 
i 
衆 
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4.5.2 Allozymes Investigated 
A total of 15 enzymes were investigated in this research. The details of the 
enzymes are summarised in Table 4.2. 
I： 4.5.3 Sample preparation for electrophoresis 
I 
I Fish specimens were freshly dissected or temporarily stored at -70°C before 
I 
囊 . dissection. Liver, heart, and white skeletal muscle were dissected from each 务 狩. 
individual on ice. The tissues were blotted dry and weighed to the nearest milligram. 
！ The liver and muscle samples were mixed with three volumes of extraction medium 
4 
(O.lM Tris-HCl pH 7.0 containing 1 mM EDTAQS[a2), 1 mM of p-mercaptoethanol 
and 0.05 mM NADP) as described by Luczynski (1990) and Sung et a/.(1993). Due to 
the minute quantity of the heart samples they were mixed with at least five volumes 
of extraction medium so as to facilitate homogenization. The muscle and liver 
； samples were homogenized with a polytron homogenizer (Ultra-turax, Janke and 
4 \ Kunnel) on ice, while the heart samples were homogenized by using a glass type •？ 
‘ homogenizer. The homogenate was centrifuged at 20,000 g for 15 minutes at 4°C. 
• The supernatant was aliquoted and stored at -70°C until electrophoresis. The heart 
samples were concentrated (Speed Vac Concentrator, Model SVC-200H) before 
storage. Individuals from which the tissues were removed were fixed in 10% 
formaldehyde. 
4.5.4 Chemicals and Buffers 
All the chemicals for allozyme electrophoresis were purchased form Sigma 
Chemical Co. (St. Louis, U.S.A.). The chemicals and recipes for staining of the 
allozymes are summarised in Appendix E for reference. 
Several buffer systems have been tested in this study, namely (a) 20 mM 
phosphate buffer pH 7.0 (buffer B ofRichardson et al (1986)), (b) 500 mM Tris / 16 
mM borate / 650 mM EDTA pH 8.0 (buffer S49 of Rothe (1994)), (c) 15 mM Tris / 
5.5 mM boric acid / 5 mM EDTA / 10 mM MgCl2 pH 7.8 (buffer D of Richardson et 






Table 4.2: Summary of the enzymes examined in this research. 
~ E n z y m e (Abbreviation) ¥ Loci" 1 ^ Type' Tissue" ^ 
Adenylate kinase (AK) 1 AK-l*,2*3* 2.7.4.3 T M 
Alkaline phosphatase (ALP) 2 ALP* 3.1.3.1 H L 
Aldolase (ALD) 4 ALD* 4.1.2.13 L L 
Glucose-6-phosphate 2 GPI-l*,2* 5.3.1.9 I M 
画 isomerase (GPI) 
I Glucose-6-phosphate 2 GDH* 1.1.1.49 0 H 
^ Dehydrogenase (GDH) 
i Glyceraldehyde-3-phosphate 4 GAPDH* 1.2.1.12 0 L 
I dehydrogenase (GAPDH) 
I Isocitrate dehydrogenase 2 IDH-l*,2* 1.1.1.42 0 M 
r (iDH) 
麗 L-Lactatedehydrogenase 4 LDH-l*,2* 1.1.1.27 0 M 
i (LDH) 
? L-Lactatedehydrogenase 4 LDH, 1.1.1.27 0 H 
:— (LDH) 
'\ Malate dehydrogenase (MDH) 2 MDH-l\2* 1.1.1.37 0 M 
^ Malic Enzyme OSTADP )^(ME) 4 M E � 1.1.1.40 0 M 
a Phosphoglucomutase (PGM) 1 PGM-l*,2* 5.4.2.2' T L 
! 6-Phosphogluconate 2 6-PGDH^ 1.1.1.44 0 M 
I dehydrogenase (6-PGDH) 
I Pyruvate kinase (PK) 1 PK*� 2.7.1.40 T M 
� Superoxide dismutase (SOD) 2 SOD-1^,2* 1.15.1.1 0 L 
•.蜜 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ _ , _ ^ , ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ . ^ _ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ _ ^ ^ M p ^ ^ ^ . ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B a M M M i l ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H M M M ^ ^ ^ ^ ^ ^ ^ B I M M ^ ^ ^ ^ ^ ^ ^ ^ M M M ^ ^ ^ ^ ^ ^ ^ ^ ^ B M « M ^ ^ ^ ^ ^ ^ ^ ^ H H M B ^ ^ ^ ^ ^ ^ B w a ^ ^ ^ H ^ M ^ ^ ^ ^ M « « 
^ 
� a Number of subunits. 
^ b Nomenclature for the loci was adopted after Shaklee et aL (1990). 
二 c Enzyme types: H: hydrolases; I: isomerases; L: lyases; 0 : oxidoreductases; 
罾 T: transferases. 
二 d Tissue types: H: heart; L: liver; M: white muscle. 
I e Former EC number 2.7.5.1 (Ward et aL, 1992). 
I 
I 150 
1976). The last buffer was found to be most satisfactory and was used in all 
I electrophoretic runs. In all electrophoretic nms 15 mg ofNADP was added to the tank 
I buffer at the cathode compartment to help stabilising NADP-dependent enzymes such ？^ 
V 
緊 as maleic enzyme and glucose-6-phosphate dehydrogenase. The gel buffer was 
‘ obtained by 10 fold dilution of the tank buffer. 
4.5.5 Preparation of Starch Gel 
今 
The starch gels were prepared as described in Smith (1968) and Redfield and 
I Salini (1980). Hydrolyzed potato starch (Sigma Chemicals Co., Lot no. 114H0286) 
was mixed with the gel buffer (12% weight / volume) and thoroughly mixed by using 
a Waring blender (1 minute) to ensure homogeneity of the starch particles. The starch 
suspension was then poured carefully into a 1 liter side-arm flask and heated in an 
open bunsen flame with frequent swirling. The amount of starch suspension prepared 
was determined by the size of gel mould used (350 ml for 18 X 18 X 1 cm gel mould 
and 220 ml for 18 X 18 X 0.6 cm gel mould respectively). Once the starch suspension 
was heated to 80°C and became viscous and translucent, the sidearm flask was 
attached to an aspirator for degassing. Just prior to degassing 15 mg ofNADP in 1 ml 
of distilled water was added to the starch suspension. After degassing for 40 to 60 
seconds, the starch suspension was gently poured into the gel mould, any air bubbles 
in the gel were removed by using a pasteur pipette. A piece of glass plate was then 
placed on top of the mould and excess gel and air was allowed to escape at the top 
. f .、 
I “ margins of the mould. The gel was allowed to set at room temperature for at least 2 
• -I 
hours, and then refrigerated at 4�C for at least 1 hour (at most 3 hours) before sample 
loading. 
4.5.6 Sample Loading 
When the gel has cooled sufficiently, the glass cover was removed from the 
mould and 5 mm strips were excised from all sides of the gel. A cut was then made at 
a position 5 cm from one end of the gel (designated as the cathodal end ofthe gel) and 
a slit was made by pushing the two gel portions apart at the cut. After the slit was 




mould and the gel at the sides perpendicular to the slit. This provides a tension for the 
gel and prevent movements of the sample wicks after sample application. 
!
Tissue extracts was absorbed onto strips ofWhatman #3 chromatographic paper 
(6 X 6 mm, 6 X 10 mm, 4 X 6 mm or 4 X 10 mm), which were blotted dry and 
I inserted into the slit at regular intervals defined by a guide (a 2 mm space was 
1 allowed between paper wicks), with a total of 20-25 samples per gel depending on the 
I i width of sample wick used (Plate 4.1). A small piece of chromatographic paper with 
1 
• bromophenol blue was applied as a marker. 
I 气 
！ After sample loading plastic straws were inserted between the mould and the 
I anodal and cathodal ends of the gel to ensure contact between the chromatographic 
paper and the gel. Both the anodal and cathodal ends of the gel were then covered 
with sponge wicks which were secured by the gel apparatus and connected to the 
； electrode buffer (Plate 4.2). The entire set up was then covered with ding-wrap to 
4 
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I Plate 4.1. Loading of the samples for electrophoresis. Application 
“ of the sample wicks at regular intervals was aided by a guide so as to 
facilitate the identification of the stained isozymes. 
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^ Plate 4.2. The set up for starch gel electrophoresis. The gel 
mould was placed and secured on top of two buffer tanks. This 
； design also secures the sponge wicks to the gel surface and 







The enzymes were analysed by horizontal starch gel electrophoresis as described 
iby Redfield and Salini (1980). Electrophoresis was carried out horizontally at 4°C in a 
cold room to prevent overheating. The electrophoresis set up composed of the gel 
I mould, which was secured on top of two buffer tanks at the anodal and cathodal ends 
I 
^ (Plate 4.2). Such a design allowed maximum cooling above and below the starch gel. 
I 
: Electrophoresis was carried out at 70 volts (20mA per gel) for 20 minutes, after which 
j 
\ the sample wicks were removed from the gel to facilitate contact and hence even flow 
of current throughout the gel. Electrophoresis was then carried out for 17 hours at a 
voltage of 110 V (38 mA per gel, or 2.3 mA per cm gel width). 
\ 
4.5.8 Gel Slicing 
I The gels were sliced into several horizontal pieces after electrophoresis as 
I described by Shaklee and Keenan (1986). After electrophoresis, the gel was removed 
I 
‘ from the electrophoresis set up with the gel mould; all the plastic straws were 
removed and strips of approximately 0.5-1 cm were excised from both the anodal and 
cathodal ends of the gel, and the left comer of both the anodal portion and the 
i 
cathodal portion of the gel were excised to mark the orientation (i.e., adjacent to the 
defined sample 1). A sheet of adhering film (Glad Go-Between, 18 X 20 cm, slightly 
greater in dimension than the gel) was then placed on top of the gel. The gel mould 
j 
I and the gel was then inverted to facilitate removal of the latter from the former. Once 
•i -
I separated from the gel mould, another piece of adhering film was placed on top ofthe 
i inverted gel so that both surfaces of the gel were protected. The adhering film was 
'I • 
I essential in lifting and subsequent handling of the sliced gel. Care was taken to avoid 
air being trapped between the adhering film and the gel surface so as not to affect gel 
slicing and subsequent staining. The gel was then ready to be sliced for multiple 
； staining. 
Gel slicing was performed on a specially designed slicing platform so as to 
..案 « 
•知、 
prepare 1 mm thick gel slices. The slicing platform was constructed by fixing three 
plexi-glass strips (6 mm X 6 mm X 20 cm or 6 mm X 10 mm X 20 cm, depending on 
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the thickness of the gel to be sliced) in a U-shape manner onto a 5 mm plexi-glass 
plate (25 X 25 cm). The top level of the plexi-glass strips act as a guide for the gel 
cutter, which was constructed by mounting a fine stainless steel wire (violin E-string) 
Ion the bow of a saw. . 
During slicing，the gel was placed on the slicing platform in an up-right manner 
"i ^ 
I with respect to the position in the gel mould. A 1 mm plexi-glass plate was then 
I placed beneath the gel so that the gel was 1 mm higher than the top level of the strips 。於 I 
I on the slicing platform. A piece of glass was then placed above the gel surface and a 
slight pressure was applied on the glass to ensure even slicing. The gel cutter was then 
pushed horizontally across the raised strips of the slicing platform in order to obtain a 
stable, even gel slicing. By carefully lifting the adhering film, the sliced gel was 
separated from the rest of the gel and placed into specially designed staining trays (20 
X 20 X 2 cm transparent plexi-glass boxes with cover), with details of the gel (date， 
set ofexperiment, sequence of gel being sliced etc.) recorded on the adhering film. 
I 
I 地 Before each subsequent slicing a piece of adhering film was placed on top of the 
gel to facilitate removal and handling of the sliced gel, and a piece of plexi-glass sheet '^  
(lmm thickness) was placed under the gel so that the original height of the gel was 
restored. This process was repeated until the last sliced gel was obtained. Usually 5 
usable gel slices could be obtained from a 6 mm starch gel while up to 9 gel slices 
; could be obtained from a 1 cm starch gel. 
.A I' •�-
4.5.9 Gel Staining 
'* � 
； The sliced gels were stained for allozymes according to Shaw and Prasad (1970), 
Harris and Hopkinson (1976)，Redfield and Salini (1980), Richardson et al., (1986), 
^ ^ 
I and Rothe (1994) with slight modifications. Modifications were made mainly on 
: reducing the amount of buffer and hence chemicals being used. The amount of co-
•‘ enzymes ^^AD, NADP) and dyes (MTT: 3-(4,5-dimethyl-thiazolyl-2)-2,5-diphenyl-
tetrazolium bromide, PMS: A^-methyldibenzopyrazine methyl sulphate) were also 
reduced to the extent that staining was not affected. Whenever possible, the same 
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buffer was used in staining routines so as to save time and simplify staining 
procedures. 
Staining was performed at room temperature (15-20^C), and agar overlay was 
employed to save chemicals and to allow transportation of the stained gels. All 
enzymes were stained specifically except for superoxide dismutase [known also as 
tetrazolium oxidase or indophenol oxidase, (Ward et al, 1992)], staining could be 
scored with care on gels stained by the MTT-PMS pathway (Harris and Hopkinson, 
il976). For lactate dehydrogenase (LDH) a separate gel was stained for "nothing dehydrogenase"; the recipe for staining was identical with that for staining LDH except that the substrate (1-lactic acid) was omitted. The chemicals and recipes employed in this study are summarized in appendix E for reference. 
I 
I 4.5.10 Gel Scoring and Data Analysis 
. Data scoring was performed after Richardson et al, (1986) with modifications. 
S Once a gel was stained the appearance of stained bands was continually monitored so 
琴 • 
I as to ensure recording of all the alleles and loci present. In practice the position of 
I different alleles were marked by placing paper markers (1 X 4 mm) directly on the 
i surface ofthe agar where a band was observed, and the relative intensity ofthe bands ^ 
I in the same slot or lane was recorded. In the case of scoring superoxide dismutase, 
‘ paper markers of a different color were used to avoid confusions. Measurements of 
m 
\ the absolute positions of the alleles (i.e., positions of the paper markers in different 
] slots) was performed only after all the alleles were apparently revealed, by which time 
\ some of alleles might have been overstained: 
m i 
‘^ Each isozyme locus was identified based on tissue specificity, consistency with 
;
the subunit structure ofthe enzyme (when known), and differences in position ofthe 
homomeric bands (assuming inheritance in Mendelian fashion) by direct comparison 
: in the same electrophoretic run. The names of enzymes and Enzyme Commission 
I ：' -• , numbers follow the recommendations of the Commission on Biochemical 
=f 
I Nomenclature (1973). 
! ： 
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When one enzyme has two loci, each locus was numbered in order of lower 
mobility to the anode. The most cathodal isozyme (locus) was designated as 1，and 
ithe most common allele was designated as 100. The other alleles were designated by the relative mobility to the 100 allele. The stained bands on different slots or lanes of 
？ 
a zymogram were interpreted as the products of the same allele if the separation of 
•$ 
these bands was less than or equal to 2 mm. Nomenclature for the loci was adopted 
afterShaklee etaL (1990). 
4.5.11 Comparison between Taxa 
Based on the counts of the isozyme phenotypes for each species, the allele 
frequencies were estimated for each locus according to Richardson et al. (1986). 
The proportion ofpolymorphic loci ( P 0 . 9 9 ) , the average heterozygosity per locus 
(Ho) and the average expected heterozygosity (Hg) were calculated. A locus was 
considered to be polymorphic if the frequency of the common most allele was equal 
to or less than 0.99. Average observed heterozygosity (H�) was taken as the mean 
proportion of heterozygotes per locus seen on zymograms. Average expected 
heterozygosity (¾) was calculated using Nei's (1978) correction for small sample 
size. 
The formulae for calculating the proportion of polymorphic loci ( P 0 . 9 9 ) . average 
heterozygosity per locus (H。)，and average expected heterozygosity (He) are given as 
follows: 
number of polymorphic loci 
P0.99 = n 
total number ofheterozygous loci 
H � = n X N 
^ 2 N ( 1 - Z X / ) 
^ 2N -1 
H = — pS[ei's correction for small sample size (1978)； e n 
where N 二 total number of individuals (of a species or population sampled) 
n 二 total number of loci scored (for a species or population) 
Xji = the frequency of the ith allele at the jth locus of the species or 
population concerned. 
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Genetic distances ofNei (1987) between taxa were calculated from the allele 
frequencies by using the computer programme GENDIST (Felsenstein, 1985, 1989) 
which was modified to include the correction for small sample size, and the genetic 
identity (I) (The modified version of GENDIST is listed in Appendix D for 
reference). The formulae ofNei's genetic distance (D) modified for small sample size 
is given as follows: 
I D = - ln ^ ^ ^ 
I (Gx X Gy)% 
i where 
3 
I ^ ( 2 N j X X j i ^ - l ) 
1 广 H 2Nj - l 
； Gx= 
為 n 
.：善 jt ••* 
'i 
I 
?'- ^ ( 2 N j E Y j i ' - l ) � tt “ ^ 2 ^ ^ ^ 
: G 二 — 
： � y n . 
ZXjiYji 
Gxy = - — — � -3 xy n 
I . 
： Nj = number of individuals sampled for the locus j 
n = total number of loci scored 
] Xji = the frequency of the ith allele in the jth locus in species or population X 
Yji = the frequency of the ith allele in the jth locus in species or population Y 
1 
and Genetic identity ( I ) = — 
^ 
.今. 
Phenetic dendrograms were constructed with the computer programs FITCH, 
‘ KITSCH, and NEIGHBOR [unweighted pair-group arithmetic averages (UPGMA)] in 




4.6 Results and Discussions 
4.6.1 Summary of the Loci Scored 
i 
A total of 15 enzymes as given in Table 4.2 were assayed in all the pomacanthid 
i 
species under investigation. The staining of m-LDH, m-MDH, 1-GAPDH, and m-PK 
I were the most rapid and the stained bands were observed within five minutes after the 
i!staining mixture was applied. The rest of the enzymes were stained at a slower rate, 
usually the stained bands were observable from 15 to 30 minutes. The staining of 
SOD was scored on gels stained via the tetrazolium salt method. Bands were scorable 
as clear bands against a light blue background and were observable only when the 
staining had proceeded for half an hour or more. 
• * 
1 Of the 23 loci scored, staining activities were observed in the anodal area except 
I that ofl-SOD-1*. Ten loci {m-GPI-l*, m-IDH-l*, m-IDH-2*, m-LDH-l*, m-LDH-2*, 
Ih-LDH*, m-ME*, m-PK*, l-ALD*, l-SOD-l*) showed single banded pattem 
accompanied by faint sub-bands, while the remaining 13 loci showed mixed multiple 
I or singled banding pattem. When present, the sub-bands were observed either at the 
墨 anodal and cathodal side of the major band (m-PK*, m-LDH-l*, m-LDH-2*), or at the 
i anodal side of the major band (m-6-PGDR*, h-GDH*); in m-IDH-l*, the sub-bands 
•m 
I were observed at the cathodal side of the major band. 
^ 
I The banding pattem of l-ALP* and h-GDH* revealed species specific single or 
S double bands. This is interpreted as a single variable gene encoding a monomeric 
m 
1 enzyme. Individuals showing two bands represent heterozygotes. The banding pattem 
m of m-6'PGDH*, m-MDH-1* and m-MDH-2* were mainly single and triple bands, m 
2 
I revealing dimeric enzymes encode by a single variable gene. Triple banded 
3 individuals represent heterozygotes while single banded individuals represent 
Ihomozygotes . l-GAPDH* gave single and five-banded patterns, representing a single 
variable gene encoding a tetrameric enzyme. Although multiple bands were also 
I observed in the zymograms of m-LDH-1* and m-LDH-2*, bands beside the major 
m .wm., 
g band were considered as sub-bands since they were faint and their number did not 
I conform with the expected number for a tetramer, nor the distance between the bands 
I were equal. 
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I 4.6.2 Genetic Variability ofthe Scored Loci • ^ ; 
5» 
'' The proportion of polymorphic loci at the 0.99 level ( P 0 . 9 9 ) ; observed 
• heterozygosity (H。)； expected heterozygosity (¾); average number of individuals 
scored per locus (AiL)； and average number of alleles scored per locus (Aj^) were 
i 










Table 4.3. Summary of genetic variability over 23 loci scored in each species. 
醫 Species Po.99 H � H � A!L >^ fsL 
I (Mean 土 S.E.) (Mean±.S.EO (Mean±S.E.) 
1 A. arcuatus 0.088 士 0.010 0.087 0.119 2.96 土0.01 ““1.22 ± 0.42 
I A trimaculatus 0.067 士 0.008 0.087 0.118 3.87 土0.01 1.26土0.45 
I A. xanthurus 0.130 士 0.014 0.130 0.125 3.00 土 0.00 1.22 土0.42 
I C. bicolor 0.196 士 0.012 0.304 0.257 4.65 土 0.03 1.57 土 0.51 
1 C heraldi 0.121 土 0.011 0.159 0.166 3.96 ±0.01 1.35±0.49 
I C multifasciatus 0.211 土 0.012 0.333 0.190 4.74 士 0.02 1.43 ±0.51 
1 C nox 0.228 士 0.015 0.304 0.199 4.00 土 0.00 1.43 士 0.51 
i C. tibicen 0.152 士 0.013 0.203 0.134 4.00 士 0.00 1.39 士 0.50 
i C vrolicki 0.101 土 0.011 0.101 0.078 3.00 土 0.00 1.22 ±0.42 
I C. bispinosus (I) 0.153 士 0.014 0.217 0.154 4.26 士 0.06 1.35 士 0.49 
謹 C.bispinosus(^) 0.165 土 0.014 0.232 0.171 4.22 土 0.06 1.43 ±0.51 
I C.ferrugatus 0.143 土 0.011 0.188 0.132 3.96 ±0.01 1.30士0.47 
1 C. loriculus 0.140 土 0.008 0.348 0.185 7.48 土 0.06 1.48 士 0.59 
I C potteri 0.101 土 0.010 0.101 0.130 3.00 ± 0.00 1.26 ±0.45 
i Ck duboulayi 0.057 士 0.005 0.087 0.131 4.61 ± 0.03 1.30 士0.47 
I Ch. mesoleucus 0.098 土 0.010 0.130 0.180 4.00 士 0.00 1.39 土 0.58 
！ G. semifasciatus 0.062 土 0.006 0.116 0.091 5.48 士 0.05 1.22 土 0.42 
: K ciliaris 0.113 士 0.009 0.261 0.183 6.83 ± 0.05 1.48 ±0.59 
H. tricolor (Bra) 0.097 士 0.010 0.101 0.107 3.13 土 0.03 1.22 士 0.42 
H. tricolor 0.101 士 0.008 0.232 0.139 6.70 土 0.06 1.35 士 0.57 
K passer 0.066 士 0.007 0.087 0.126 3.96 土 0.01 1.26 土 0.45 
^ K venustus 0.066 士 0.008 0.101 0.081 4.61 士 0.02 1.17 土 0.39 
P. asfur 0.078 士 0.006 0.101 0.154 3.91 士 0.01 1.39 土 0.50 
^ P. navarchus 0.152 土 0.015 0.101 0.109 2.00 士 0.00 1.17 士 0.39 
； P. sexstriatus 0.124 士 0.009 0.159 0.109 3.87 士 0.02 1.35 士 0.57 
P. xanthometapon 0.099 土 0.007 0.159 0.128 4.83 士 0.02 1.35 士 0.49 
^ R annularis 0.087 土 0.013 0.087 0.099 3.00 土 0.00 1.17 士 0.39 
P. imperator 0.097 士 0.008 0.159 0.130 4.91 士 0.01 1.30 土 0.47 
R semicirculatus 0.127 土 0.007 0.232 0.145 5.39 士 0.03 1.48 土 0.59 
P. zonipectus 0.087 士 0.007 0.087 0.122 3.00 土 0.00 1.74 士 2.07 
一 P. arcuatus 0.097 土 0.007 0.145 0.107 4.30 ± 0.04 1.30 ±0.47 
i - P. paru 0.067 士 0.010 0.087 0.069 3.91 士 0.01 1.17 土 0.39 
: Py. dicanthus 0.135 土 0.013 0.174 0.130 3.78 土 0.02 1.30 土 0.47 
，. . r 
. Po 99: proportion ofpolymorphic loci at the 0.99 level; Ho: observed heterozygosity; 
He: expected heterozygosity; AiL： average number of individuals scored per locus; 
A^L: average number of alleles scored per locus. 
•m 
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4.6.3 Allele Frequencies 
The allele frequency of the 23 loci scored are tabulated in Table 4.4 below. 
Table 4.4. Relative allele frequencies ofthe loci scored. 
m-AK-i* 
Species N 38 56 75 100 116 Hp 
A. arcuatus 3~~0.000 0.000 0.000 0.500 0.500 0.333 
A trimaculatus 4 0.000 0.000 0.000 0.500 0.500 0.000 
A. xanthurus 3 0.000 0.000 0.000 0.667 0.333 0.667 
C. bicolor 5 0.400 0.000 0.000 0.600 0.000 0.400 
C. heraldi 4 0.500 0.000 0.000 0.500 0.000 0.000 
C. multifasciatus 5 0.400 0.000 0.000 0.600 0.000 0.400 
I C nox 4 0.250 0.000 0.000 0.750 0.000 0.250 
I C tibicen 4 0.500 0.000 0.000 0.500 0.000 1.000 
I C. vrolicki 3 0.000 0.000 0.000 1.000 0.000 0.000 
1 C. bispinosus (I) 6 0.333 0.000 0.000 0.667 0.000 0.333 
I C bispinosus (P) 3 0.167 0.000 0.000 0.833 0.000 0.333 
I C.ferrugatus 4 0.500 0.000 0.000 0.500 0.000 0.500 
I C. loriculus 8 0.500 0.000 0.000 0.500 0.000 0.250 
！ C potteri 3 0.167 0.000 0.000 0.833 0.000 0.333 
I Ch. duhoulayi 4 0.000 0.000 0.000 1.000 0.000 0.000 
1^ Ch. mesoleucus 4 0.000 0.000 0.000 1.000 0.000 0.000 
I G. semifasciatus 6 0.000 0.000 1.000 0.000 0.000 0.000 
！ K ciliaris 6 0.000 0.000 0.000 0.333 0.667 0.333 
I H. tricolor (Bra) 3 0.000 0.500 0.000 0.500 0.000 0.333 
i H. tricolor 7 0.000 0.429 0.000 0.571 0.000 0.285 
'' H. passer 4 0.000 0.500 0.000 0.500 0.000 0.500 
� H. venustus 4 0.000 0.000 0.375 0.625 0.000 0.250 
P. asfur 4 0.000 0.125 0.000 0.875 0.000 0.250 
� P. navarchus 2 0.000 0.000 0.000 1.000 0.000 0.000 
P. sexstriatus 4 0.000 0.000 0.250 0.750 0.000 0.250 
P. xanthometapon 5 0.000 Q.000 0.200 0.800 0.000 0.400 
: P. annularis 3 0.000 0.333 0.000 0.667 0.000 0.000 
P. imperator 5 0.000 0.100 0.000 0.900 0.000 0.200 
^ P. semicirculatus 6 0.000 0.000 0.083 0.917 0.000 0.167 
P. zonipectus 3 0.000 0.000 0.167 0.833 0.000 0.333 
I � R arcuatus 5 0.000 0.000 0.167 0.833 0.000 0.200 
I P. paru 4 0.000 0.000 0.000 1.000 0.000 0.000 
I Py. dicanthus 4 0.000 0.000 0.000 1.000 0.000 0.000 
1 
i Abbreviations: A., Apolemichthys; C., Centropyge; Ch., Chaetodontoplus; G., Genicanthus; 
圓 K, Holacanthus; P., Pomacanthus; Py., Pygoplites; I，Indian Ocean, P, Pacific Ocean; Bra, 
I Brazil. N represents the number of specimen sampled, H�represents the observed 
1 heterozygosity for each locus. The name of each locus is preceded by the prefix m, /，and h 
1 representing muscle, liver, and heart origin of the enzyme. All loci names are marked with an 
asterisk (•) (Shaklee et al., 1990). Abbreviations ofenzymes follow that ofTable 4.2. 
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Table 4.4 (continued) 
I m - A K - 2 * 
Species N 1 ^ fTI m H3 Hg 
A. arcuatus 3 0.000~~1.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 1.000 0.000 0.000 0.000 
A. xanthurus 3 0.000 1.000 0.000 0.000 0.000 
i C. bicolor 5 0.000 0.700 0.300 0.000 0.200 
鄉： 
‘ C. heraldi 4 0.000 1.000 0.000 0.000 0.000 
‘ C. multifasciatus 5 1.000 0.000 0.000 0.000 0.000 
C. nox 4 1.000 0.000 0.000 0.000 0.000 
‘ C tibicen 4 0.875 0.000 0.125 0.000 0.250 
^ C. vrolicki 3 0.833 0.000 0.167 0.000 0.333 
^ C. bispinosus (I) 6 0.000 0.500 0.500 0.000 0.333 
C. bispinosus (P) 3 0.000 0.333 0.667 0.000 0.000 
j C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 
I C loriculus 9 0.278 0.611 0.111 0.000 0.333 
*'- C potteri 3 1.000 0.000 0.000 0.000 0.000 
1 Ch duboulayi 4 0.000 0.625 0.000 0.375 0.250 
1 Ch. mesoleucus 4 0.250 0.375 0.375 0.000 0.250 
i G. semifasciatus 4 0.000 1.000 0.000 0.000 0.000 
^ H. ciliaris 8 1.000 0.000 0.000 0.000 0.000 
^ H. tricolor (Bra) 3 1.000 0.000 0.000 0.000 0.000 
I K tricolor 6 1.000 0.000 0.000 0.000 0.000 
1 K passer 4 0.625 0.375 0.000 0.000 0.250 
I K venustus 5 1.000 0.000 0.000 0.000 0.000 
i R asfur 4 0.750 0.000 0.250 0.000 0.000 
I P. navarchus 2 1.000 0.000 0.000 0.000 0.000 
j P. sexstriatus 4 0.750 0.000 0.250 0.000 0.500 
i R xanthometapon 5 0.800 0.000 0.200 0.000 0.000 
f P. annularis 3 0.667 0.000 0.333 0.000 0.000 
I P. imperator 5 0.700 0.000 0.300 0.000 0.200 
I R semicirculatus 6 0.833 0.000 0.167 0.000 0.333 
1 P. zonipectus 3 0.667 0.000 0.333 0.000 0.000 
I P. arcuatus 3 1.000 0.000 0.000 0.000 0.000 
I P. paru 3 0.000 0.000 1.000 0.000 0.000 
— I - - - - - -
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Table 4.4 (continued) 
m-AK-3* 
Species N ~ 1 ^ ~ ~ f l 3 ” m ~ H 7 ~ H ^ 
A. arcuatus 2~~0.500 0.000 0.500 0.000 0.000 
A trimaculatus 4 0.375 0.000 0.625 0.000 0.250 
A. xanthurus 3 0.500 0.000 0.500 0.000 2.000 
C. bicolor 4 0.500 0.500 0.000 0.000 0.000 
I C heraldi 4 1.000 0.000 0.000 0.000 0.000 
C. multifasciatus 5 0.700 0.000 0.300 0.000 0.200 
C nox 4 0.875 0.000 0.125 0.000 0.250 
C tibicen 4 1.000 0.000 0.000 0.000 0.000 
C vrolicki 3 1.000 0.000 0.000 0.000 0.000 
I C bispinosus (I) 6 1.000 0.000 0.000 0.000 0.000 
I C bispinosus (P) 3 1.000 0.000 0.000 0.000 0.000 
1 C.ferrugatus 4 1.000 0.000 0.000 0.000 0.000 
C loriculus 9 0.778 0.222 0.000 0.000 0.222 
C. potteri 3 1.000 0.000 0.000 0.000 0.000 
Ch. duboulayi 3 1.000 0.000 0.000 0.000 0.000 
Ch. mesoleucus 4 0.500 0.250 0.000 0.250 0.000 
G. semifasciatus 4 0.000 0.000 0.000 1.000 0.000 
1 H. ciliaris 8 0.812 0.188 0.000 0.000 0.125 
I K tricolor (Bra) 3 0.000 0.000 0.000 1.000 0.000 
K tricolor 5 0.000 0.000 0.000 1.000 0.000 
H. passer 4 0.000 0.000 1.000 0.000 0.000 
H. venustus 4 1.000 0.000 0.000 0.000 0.000 
P. asfur 3 0.000 0.000 1.000 0.000 0.000 
； P. navarchus 2 0.000 1.000 0.000 0.000 0.000 
P. sexstriatus 2 0.000 1.000 0.000 0.000 0.000 
P. xanthometapon 5 0.000 1.000 0.000 0.000 0.000 
^ P. annularis 3 1.000 0.000 0.000 0.000 0.000 
P. imperator 5 1.000 0.000 0.000 0.000 0.000 
I P. semicirculatus 5 0.000 1.000 0.000 0.000 0.000 
1 P. zonipectus 3 0.833 0.167 0.000 0.000 2.000 
I P. arcuatus 2 1.000 0.000 0.000 0.000 0.000 
P. paru 4 1.000 0.000 0.000 0.000 0.000 
Py. dicanthus 2 1.000 0.000 0.000 0.000 0.000 
|f 
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C. bispinosus (I) 
























N 14 23 47 62 73 100 Ho 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
5 0.000 0.000 0.000 1.000 0.000 0.000 0.000 
4 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
4 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
3 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
6 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
6 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
5 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
7 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
6 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
4 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
5 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
2 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
5 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
5 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
5 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
3 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
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Table 4.4 (continued) 
UALP^ 
Species N 32 49 55 60 65 82 90 100 126 H� 
A. arcuatus 3~0 .000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A. xanthurus 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. hicolor 5 0.800 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.400 
C. heraldi 4 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 . 
C multifasciatus 5 0.800 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.400 ！ 
C. nox 4 0.875 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.200 ‘ 
C. tibicen 4 0.875 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.250 
C vrolicki 3 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 “‘ 
C bispinosus (I) 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C bispinosus (P) 6 0.167 0.833 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.333 “ 
C.ferrugatus 4 0.125 0.875 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.250 
C loriculus 9 0.111 0.889 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.222 
C potteri 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ch duboulayi 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ch mesoleucus 4 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
G.semifasciatus 6 0.000 0.000 0.000 0.583 0.000 0.000 0.417 0.000 0.000 0.167 
H. ciliaris 8 0.000 0.000 0.000 0.000 0.000 0.000 0.438 0.438 0.124 0.125 
K tricolor (Bra) 3 0.000 0.000 0.000 0.000 0.000 0.000 0.500 0.500 0.000 0.333 .. 
H. tricolor 8 0.000 0.000 0.000 0.000 0.000 0.000 0.437 0.563 0.000 0.250 
K passer 4 0.000 0.000 0.000 0.125 0.000 0.000 0.500 0.375 0.000 0.500 
K venustus 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
P. asfur 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
P. navarchus 2 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
P. sexstriatus 4 0.000 0.000 0.000 0.000 0.000 0.875 0.125 0.000 0.000 0.250 
P. xanthometapon 5 0.000 0.000 0.000 0.000 0.000 0.800 0.200 0.000 0.000 0.400 
P. annularis 3 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 
P. imperator 5 0.000 0.000 0.000 0.000 0.000 0.200 0.600 0.200 0.000 0.400 
P. semicirculatus 6 0.000 0.000 0.000 0.000 0.000 0.083 0.750 0.167 0.000 0.500 
P. zonipectus 3 0.000 0.000 0.000 0.000 0.000 0.833 0.167 0.000 0.000 0.333 
R arcuatus 3 0.000 0.000 0.000 0.000 0.000 0.833 0.167 0.000 0.000 0.333 
P. paru 3 0.000 0.000 0.000 0.000 0.000 0.833 0.167 0.000 0.000 0.333 
Py. dicanthus 4 0.000 0.000 0.000 0.000 0.000 0.000 0.625 0.000 0.375 0.333 
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Table 4.4 (continued) 
l-GAPDH^ “ 
Species N 41 54' 68 76 89 100 119 130 144 158 7¾ 
1 arcuatus 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
^ trimaculatus 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A. xanthurus 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. bicolor 5 0.000 0.000 0.000 0.800 0.200 0.000 0.000 0.000 0.000 0.000 0.000 
C heraldi 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. multifasciatus 5 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 | 
C. nox 4 0.250 0.000 0.750 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 , 
C tibicen 4 0.000 0.250 0.000 0.750 0.000 0.000 0.000 0.000 0.000 0.000 0.000 | 
C vrolicki 3 0.000 0.000 0.833 0.000 0.000 0.000 0.167 0.000 0.000 0.000 0.333 1 
C. bispinosus (I) 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. bispinosus (P) 5 0.000 0.800 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ； 
C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. loriculus 5 0.000 0.800 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C potteri 3 0.000 0.667 0.333 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ch duboulayi 5 0.000 0.000 0.600 0.000 0.000 0.400 0.000 0.000 0.000 0.000 0.000 
Ch. mesoleucus 4 0.000 0.000 0.750 0.000 0.000 0.250 0.000 0.000 0.000 0.000 0.000 
G. semifasciatus 4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
H. ciliaris 5 0.000 0.000 0.000 0.000 0.000 0.600 0.400 0.000 0.000 0.000 0.000 
K tricolor (Bra) 3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 ； 
,« 
H. tricolor 5 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
K passer 4 0.000 0.000 0.000 0.000 0.000 0.750 0.000 0.250 0.000 0.000 0.000 
H. venustus 4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. asfur 4 0.000 0.000 0.000 0.000 0.250 0.000 0.000 0.000 0.000 0.750 0.000 
P- navarchus 2 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. sexstriatus 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. xanthometapon 5 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. annularis 3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P- imperator 5 0.000 0.000 0.000 0.000 0.200 0.000 0.000 0.000 0.800 0.000 0.000 
P. semicirculatus 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. zonipectus 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. arcuatus 4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P- paru 4 0.000 0.000 0.000 0.250 0.000 0.750 0.000 0.000 0.000 0.000 0.000 
Py. dicanthus 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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- Species N 78 100 116 130 140 148 160 172 H� 
^ A. arcuatus 3 ~ 0 . 0 0 0 0.000 0.333 0.667 0.000 0.000 0.000 0.000 0.333 
： A trimaculatus 4 0.000 0.000 0.375 0.625 0.000 0.000 0.000 0.000 0.750 
- A. xanthurus 3 0.000 0.000 0.500 0.500 0.000 0.000 0.000 0.000 1.000 
^ C. bicolor 5 0.000 0.900 0.100 0.000 0.000 0.000 0.000 0.000 1.000 
： C. heraldi 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
^ C multifasciatus 5 0.000 0.900 0.100 0.000 0.000 0.000 0.000 0.000 0.200 
： C.nox 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
','fi 
C. tibicen 4 0.000 0.875 0.125 0.000 0.000 0.000 0.000 0.000 0.250 
• C vrolicki 3 0.000 0.667 0.333 0.000 0.000 0.000 0.000 0.000 0.667 
. C bispinosus (I) 6 0.000 0.917 0.083 0.000 0.000 0.000 0.000 0.000 0.167 
. C. bispinosus (P) 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
！ C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
.i 
t C loriculus 9 0.000 0.833 0.167 0.000 0.000 0.000 0.000 0.000 0.333 
C potteri 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ch duboulayi 5 0.900 0.100 0.000 0.000 0.000 0.000 0.000 0.000 0.200 
Ch. mesoleucus 4 0.875 0.125 0.000 0.000 0.000 0.000 0.000 0.000 0.250 
G. semifasciatus 7 0.000 0.000 0.000 0.000 0.000 0.214 0.786 0.000 0.429 
H. ciliaris 8 0.000 0.000 0.000 0.438 0.000 0.124 0.438 0.000 0.250 
H. tricolor (Bra) 3 0.000 0.000 0.000 0.000 0.000 0.833 0.167 0.000 0.333 
H. tricolor 8 0.000 0.000 0.000 0.000 0.000 0.625 0.250 0.125 0.625 
H. passer 4 0.000 0.000 0.000 0.000 0.000 0.875 0.125 0.000 0.250 
K venustus 5 0.000 0.000 0.000 0.000 0.900 0.000 0.100 0.000 0.200 
P. asfur 4 0.000 0.875 0.125 0.000 0.000 0.000 0.000 0.000 0.250 
P. navarchus 2 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. sexstriatus 4 0.000 0.750 0.000 0.125 0.000 0.125 0.000 0.000 0.500 
， P. xanthometapon 5 0.000 0.800 0.000 0.100 0.000 0.100 0.000 0.000 0.400 
P. annularis 3 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. imperator 5 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. semicirculatus 6 0.000 0.500 0.000 0.500 0.000 0.000 0.000 0.000 0.333 
P. zonipectus 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. arcuatus 5 0.000 0.000 0.100 0.900 0.000 0.000 0.000 0.000 0.200 
P. paru 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Py. dicanthus 4 0.000 0.000 0.000 0.125 0.000 0.875 0.000 0.000 0.250 
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Table 4.4 (continued) 
m-GPI-1* 
Species N 85 100 115 H� 
A. arcuatus 3~0.000 0.000 1.000 0.000 
A trimaculatus 4 0.000 0.000 1.000 0.000 
A. xanthurus 3 0.000 0.000 1.000 0.000 
C. bicolor 4 0.000 0.000 1.000 0.000 
C heraldi 4 0.000 0.000 1.000 0.000 
C multifasciatus 4 0.000 0.000 1.000 0.000 
C. nox 4 0.000 0.000 1.000 0.000 
C. tibicen 4 0.000 0.000 1.000 0.000 
C. vrolicki 3 0.000 0.000 1.000 0.000 
C bispinosus (I) 5 0.000 0.000 1.000 0.000 
C bispinosus (P) 3 0.000 0.000 1.000 0.000 
L" C.ferrugatus 4 0.000 0.000 1.000 0.000 
C loriculus 7 0.000 0.000 1.000 0.000 
C potteri 3 0.000 0.000 1.000 0.000 
Ch. duboulayi 5 0.000 0.000 1.000 0.000 
Ck mesoleucus 4 0.000 0.000 1.000 0.000 
G. semifasciatus 6 1.000 0.000 0.000 0.000 
K ciliaris 6 0.000 1.000 0.000 0.000 
H. tricolor (Bra) 3 0.000 1.000 0.000 0.000 
H. tricolor 5 0.000 1.000 0.000 0.000 
H. passer 4 0.000 1.000 0.000 0.000 
H. venustus 5 0.000 1.000 0.000 0.000 
P. asfur 4 0.000 1.000 0.000 0.000 
P. navarchus 2 0.000 1.000 0.000 0.000 
： P. sexstriatus 4 0.000 1.000 0.000 0.000 
- P. xanthometapon 5 0.000 1.000 0.000 0.000 
- P. annularis 3 0.000 1.000 0.000 0.000 
- P. imperator 4 0.000 1.000 0.000 0.000 
P. semicirculatus 5 0.000 1.000 0.000 0.000 
P. zonipectus 3 0.000 1.000 0.000 0.000 
P. arcuatus 5 0.000 1.000 0.000 0.000 
p, paru 4 0.000 1.000 0.000 0.000 





Table 4.4 (continued) 
“ m-GPI-2^ 
Species N 82 91 100 120 132 141 150 163 H� 
A. arcuatus 3 ~ 0 . 0 0 0 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.333 
A trimaculatus 4 0.000 0.000 0.875 0.000 0.000 0.125 0.000 0.000 0.250 
A. xanthurus 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
C bicolor 5 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 1.000 
C heraldi 4 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 1.000 
C. multifasciatus 5 0.000 0.000 0.600 0.000 0.000 0.400 0.000 0.000 0.800 
C nox 4 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 1.000 
C. tibicen 4 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 1.000 
C vrolicki 3 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 1.000 
C. bispinosus (I) 3 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 
C bispinosus (P) 6 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.500 
- C.ferrugatus 4 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.500 
C. loriculus 7 0.000 0.714 0.000 0.000 0.286 0.000 0.000 0.000 0.571 
C potteri 3 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.000 1.000 
Ck duboulayi 4 0.000 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.500 
Ch mesoleucus 4 0.000 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.500 
G. semifasciatus 5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
H. ciliaris 5 0.200 0.000 0.000 0.800 0.000 0.000 0.000 0.000 0.400 
K tricolor (Bra) 3 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 1.000 
H. tricolor 6 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 0.333 
K passer 4 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
H. venustus 4 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 1.000 
P. asfur 4 0.875 0.000 0.000 0.125 0.000 0.000 0.000 0.000 0.250 
P. navarchus 2 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 1.000 
P. sexstriatus 4 0.875 0.000 0.000 0.125 0.000 0.000 0.000 0.000 0.500 
P. xanthometapon 5 0.800 0.000 0.000 0.200 0.000 0.000 0.000 0.000 0.400 
P. annularis 3 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 1.000 
P. imperator 5 0.700 0.000 0.000 0.300 0.000 0.000 0.000 0.000 0.600 
P. semicirculatus 6 0.917 0.000 0.000 0.083 0.000 0.000 0.000 0.000 0.167 
P. zonipectus 3 0.167 0.000 0.000 0.833 0.000 0.000 0.000 0.000 0.333 
P. arcuatus 4 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. paru 4 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Py. dicanthus 4 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 1.000 
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C. bispinosus (I) 
























N 72 81 91 100 Ho 
3 0.000 0.000 0.000 1.000 0.000 
4 0.000 0.000 0.000 1.000 0.000 
3 0.000 0.000 0.000 1.000 0.000 
5 0.000 0.900 0.000 0.100 0.200 
3 0.000 0.500 0.000 0.500 0.333 
4 0.000 0.000 1.000 0.000 1.000 
4 0.000 0.125 0.000 0.875 0.250 
4 0.000 0.000 1.000 0.000 0.000 
3 0.000 0.000 1.000 0.000 0.000 
3 0.000 0.000 0.000 1.000 0.000 
5 0.000 0.000 0.000 1.000 0.000 
4 0.000 0.000 0.000 1.000 0.000 
6 0.000 0.000 1.000 0.000 0.000 
3 0.000 0.000 1.000 0.000 0.000 
4 0.000 0.000 1.000 0.000 0.000 
4 0.000 0.000 1.000 0.000 0.000 
6 0.000 0.000 0.000 1.000 0.000 
6 1.000 0.000 0.000 0.000 0.000 
6 1.000 0.000 0.000 0.000 0.000 
3 1.000 0.000 0.000 0.000 0.000 
4 1.000 0.000 0.000 0.000 0.000 
5 0.000 0.000 1.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 
2 0.000 1.000 0.000 0.000 0.000 
4 0.000 1.000 0.000 0.000 0.000 
5 0.000 1.000 0.000 0.000 0.000 
3 0.000 1.000 0.000 0.000 0.000 
5 0.000 1.000 0.000 0.000 0.000 
5 0.000 1.000 0.000 0.000 0.000 
3 0.000 0.000 0.000 1.000 0.000 
5 0.000 0.000 1.000 0.000 0.000 
4 0.000 0.000 0.000 1.000 0.000 
4 0.000 0.000 1.000 0.000 0.000 
172 
1 •• 'i & 
Table 4.4 (continued) 
m-IDH-2^ 
Species N 85 90 100 113 124 7¾ 
A. arcuatus 3 0.000 0.000 0.000 0.000 1.000 0.000 
A trimaculatus 4 0.000 0.000 0.000 0.000 1.000 0.000 
A. xanthurus 3 0.000 0.000 0.000 0.000 1.000 0.000 
C. bicolor 5 0.000 0.000 1.000 0.000 0.000 0.000 
C. heraldi 4 0.000 0.000 1.000 0.000 0.000 0.000 
C. multifasciatus 5 0.000 0.000 1.000 0.000 0.000 0.000 
C nox 4 0.000 0.000 1.000 0.000 0.000 0.000 
C. tibicen 4 0.000 0.000 1.000 0.000 0.000 0.000 
C vrolicki 3 0.000 0.000 1.000 0.000 0.000 0.000 
C bispinosus (I) 5 0.000 0.000 1.000 0.000 0.000 0.000 
C bispinosus (P) 3 0.000 0.000 1.000 0.000 0.000 0.000 
C.ferrugatus 4 0.000 0.000 1.000 0.000 0.000 0.000 
C loriculus 6 0.000 0.000 1.000 0.000 0.000 0.000 
C potteri 3 0.000 0.000 1.000 0.000 0.000 0.000 
Ch. duboulayi 5 0.000 1.000 0.000 0.000 0.000 0.000 
Ch mesoleucus 4 0.000 1.000 0.000 0.000 0.000 0.000 
G. semifasciatus 5 0.000 0.000 0.000 1.000 0.000 0.000 
H. ciliaris 6 1.000 0.000 0.000 0.000 0.000 0.000 
H. tricolor (Bra) 3 1.000 0.000 0.000 0.000 0.000 0.000 
H. tricolor 6 1.000 0.000 0.000 0.000 0.000 0.000 
H. passer 4 0.000 1.000 0.000 0.000 0.000 0.000 
H. venustus 5 1.000 0.000 0.000 0.000 0.000 0.000 
R asfur 4 0.000 0.000 1.000 0.000 0.000 0.000 
P. navarchus 2 0.000 0.000 1.000 0.000 0.000 0.000 
P. sexstriatus 4 0.000 0.000 1.000 0.000 0.000 0.000 
P. xanthometapon 4 0.000 0.000 1.000 0.000 0.000 0.000 
P. annularis 3 0.000 0.000 1.000 0.000 0.000 0.000 
P. imperator 5 0.000 0.000 1.000 0.000 0.000 0.000 
P. semicirculatus 6 0.000 0.000 1.000 0.000 0.000 0.000 
P. zonipectus 3 0.000 0.000 1.000 0.000 0.000 0.000 
P. arcuatus 3 0.000 0.000 0.000 1.000 0.000 0.000 
P. paru 4 0.000 0.000 0.000 1.000 0.000 0.000 
Py. dicanthus 3 0.000 1.000 0.000 0.000 0.000 0.000 
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； Table 4.4 (continued) 
h-LDH* 
Species N 67 81 100 110 124 H� 
A. arcuatus 3 0.000 0.000 0.000 1.000 0.000 0.000 
A trimaculatus 4 0.000 0.000 0.000 1.000 0.000 0.000 
A. xanthurus 3 0.000 0.000 0.000 1.000 0.000 0.000 
C. bicolor 5 0.000 0.000 1.000 0.000 0.000 0.000 
C. heraldi 4 0.000 0.000 0.000 1.000 0.000 0.000 
C. multifasciatus 5 0.000 0.000 1.000 0.000 0.000 0.000 
C nox 4 0.000 0.000 1.000 0.000 0.000 0.000 
C. tibicen 4 0.000 0.000 1.000 0.000 0.000 0.000 
C vrolicki 3 0.000 0.000 1.000 0.000 0.000 0.000 
！ C bispinosus (I) 6 0.000 1.000 0.000 0.000 0.000 0.000 
，1 C bispinosus (P) 3 0.000 1.000 0.000 0.000 0.000 0.000 
I C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 0.000 
“J C loriculus 9 0.000 0.000 1.000 0.000 0.000 0.000 
-；- C potteri 3 0.000 1.000 0.000 0.000 0.000 0.000 
Ch duboulayi 5 0.000 0.000 1.000 0.000 0.000 0.000 
Ch, mesoleucus 4 0.000 0.000 1.000 0.000 0.000 0.000 
G. semifasciatus 7 0.000 0.000 0.000 1.000 0.000 0.000 
H. ciliaris 8 0.000 0.000 0.000 0.000 1.000 0.000 
H. tricolor (Bra) 3 0.000 0.000 0.000 0.000 1.000 0.000 
- H. tricolor 8 0.000 0.000 0.000 0.000 1.000 0.000 
:� H. passer 4 0.000 0.000 0.000 1.000 0.000 0.000 
K venustus 5 0.000 0.000 0.000 1.000 0.000 0.000 
P. asfur 4 0.000 0.000 1.000 0.000 0.000 0.000 
P. navarchus 2 0.000 0.000 1.000 0.000 0.000 0.000 
：: P. sexstriatus 3 1.000 0.000 0.000 0.000 0.000 0.000 
二 P. xanthometapon 4 1.000 0.000 0.000 0.000 0.000 0.000 
: R annularis 3 1.000 0.000 0.000 0.000 0.000 0.000 
R imperator 5 1.000 0.000 0.000 0.000 0.000 0.000 
‘ P. semicirculatus 4 1.000 0.000 0.000 0.000 0.000 0.000 
, P. zonipectus 3 0.000 1.000 0.000 0.000 0.000 0.000 
P. arcuatus 4 1.000 0.000 0.000 0.000 0.000 0.000 
r P.paru 4 1.000 0.000 0.000 0.000 0.000 0.000 











i Species ~N ! 9 ~ 1 ^ ~ ~ f T s ~ ^ 9 “ H ^ 
- ‘ A. arcuatus 3~~0.000 1.000 0.000 0.000 0.000 
I A trimaculatus 3 0.000 1.000 0.000 0.000 0.000 
'% . A. xanthurus 3 0.000 1.000 0.000 0.000 0.000 
.m^ 
% C. bicolor 5 0.000 1.000 0.000 0.000 0.000 
C heraldi 4 0.000 0.000 1.000 0.000 0.000 
) C. multifasciatus 5 0.000 1.000 0.000 0.000 0.000 
梦 C. nox 4 0.000 1.000 0.000 0.000 0.000 
J ； C. tibicen 4 0.000 1.000 0.000 0.000 0.000 
[i C. vrolicki 3 0.000 1.000 0.000 0.000 0.000 
I C bispinosus (I) 3 0.000 1.000 0.000 0.000 0.000 
S C bispinosus (P) 6 0.000 1.000 0.000 0.000 0.000 
I C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 1：^  C loriculus 7 0.000 1.000 0.000 0.000 0.000 |i^ 
i l | Cpotteri 3 0.000 1.000 0.000 0.000 0.000 
j : Ch. duboulayi 5 0.000 0.000 1.000 0.000 0.000 
I ‘ Ch mesoleucus 4 0.000 0.000 1.000 0.000 0.000 
I 5 G.semifasciatus 5 0.000 0.000 0.000 1.000 0.000 
I I H. ciliaris 7 1.000 0.000 0.000 0.000 0.000 
�？ H. tricolor (Bra) 3 1.000 0.000 0.000 0.000 0.000 
I i H. tricolor 8 1.000 0.000 0.000 0.000 0.000 
I I H. passer 4 1.000 0.000 0.000 0.000 0.000 
« 4 H. venustus 5 1.000 0.000 0.000 0.000 0.000 
I I P. asfur 3 1.000 0.000 0.000 0.000 0.000 
* . P. navarchus 2 1.000 0.000 0.000 0.000 0.000 
I 二 
！ i p. sexstriatus 4 1.000 0.000 0.000 0.000 0.000 
幂 P. xanthometapon 5 1.000 0.000 0.000 0.000 0.000 
‘ f P. annularis 3 1.000 0.000 0.000 0.000 0.000 
• “ P. imperator 5 1.000 0.000 0.000 0.000 0.000 
! I p. semicirculatus 5 1.000 0.000 0.000 0.000 0.000 
i : P. zonipectus 3 1.000 0.000 0.000 0.000 0.000 
:1 P. arcuatus 5 1.000 0.000 0.000 0.000 0.000 
^ J- P. paru 4 1.000 0.000 0.000 0.000 0.000 
： I Py. dicanthus 4 1.000 0.000 0.000 0.000 0.000 
"^"专： I 'r . 节 • 竺  - •I ¥,-. •<fe-� 
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Table 4.4 (continued) 
、； > ff 
m-LDH-2* 
Species N 90 100 114 H� 
A. arcuatus 3 1.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 1.000 0.000 0.000 
A. xanthurus 3 0.000 1.000 0.000 0.000 
C bicolor 5 1.000 0.000 0.000 0.000 
C. heraldi 4 1.000 0.000 0.000 0.000 
C. multifasciatus 5 1.000 0.000 0.000 0.000 
C nox 4 1.000 0.000 0.000 0.000 
C tibicen 4 1.000 0.000 0.000 0.000 
C vrolicki 3 1.000 0.000 0.000 0.000 
C bispinosus (I) 4 1.000 0.000 0.000 0.000 
_ C bispinosus (P) 3 1.000 0.000 0.000 0.000 
會 C.ferrugatus 4 0.000 1.000 0.000 0.000 
-- C loriculus 9 1.000 0.000 0.000 0.000 •‘ !.„»:<'• 
•:� C potteri 3 1.000 0.000 0.000 0.000 
Ch duboulayi 5 0.000 0.000 1.000 0.000 
Ch. mesoleucus 4 0.000 0.000 1.000 0.000 
G. semifasciatus 6 1.000 0.000 1.000 0.000 
H. ciliaris 8 0.000 1.000 0.000 0.000 
H. tricolor (Bra) 3 0.000 1.000 0.000 0.000 
H. tricolor 8 0.000 1.000 0.000 0.000 
H. passer 4 0.000 1.000 0.000 0.000 
H. venustus 5 0.000 1.000 0.000 0.000 
P. asfur 4 0.000 1.000 0.000 0.000 
P. navarchus 2 0.000 0.000 1.000 0.000 
P. sexstriatus 4 0.000 0.000 1.000 0.000 
P. xanthometapon 5 0.000 0.000 1.000 0.000 
P. annularis 3 0.000 1.000 0.000 0.000 
P. imperator 5 0.000 1.000 0.000 0.000 
P. semicirculatus 6 0.000 1.000 0.000 0.000 
P. zonipectus 3 0.000 1.000 0.000 0.000 
P. arcuatus 4 0.000 1.000 0.000 0.000 
P. paru 4 0.000 1.000 0.000 0.000 




缓 Table 4.4 (continued) 
靈 i 
I 
I m-MDH-1 * 
I Species N 54 65 77 89 100 H� 
I A. arcuatus 3 0.167 0.000 0.000 0.000 0.833 0.333 
I A trimaculatus 3 1.000 0.000 0.000 0.000 0.000 0.000 
I A. xanthurus 3 0.000 0.000 0.000 0.000 1.000 0.000 
I C. bicolor 3 0.000 0.000 0.000 0.000 1.000 0.000 
^ C. heraldi 4 0.000 0.000 0.000 0.000 1.000 0.000 
.< :’K 
"1 C. multifasciatus 5 0.200 0.000 0.000 0.000 0.800 0.400 
I C. nox 4 0.000 0.000 0.000 0.000 1.000 0.000 
^w 
^ C tibicen 4 0.000 0.000 0.000 0.000 1.000 0.000 
I � C vrolicki 3 0.000 0.000 0.000 0.000 1.000 0.000 
if C bispinosus (I) 5 0.000 0.000 0.000 0.000 1.000 0.000 
I { C bispinosus (P) 3 0.000 0.000 0.000 0.000 1.000 0.000 
m[ c.ferrugatus 4 0.000 0.000 0.000 0.000 1.000 0.000 
''l C loriculus 7 0.000 0.000 0.000 0.000 1.000 0.000 
' I 
,} C potteri 3 0.000 0.000 0.000 0.000 1.000 0.000 
； Ck duboulayi 5 0.000 0.000 0.000 1.000 0.000 0.000 
,^ Ch. mesoleucus 4 0.000 0.000 0.000 1.000 0.000 0.000 
'I G. semifasciatus 6 0.000 0.000 0.000 1.000 0.000 0.000 i K ciliaris 6 0.000 0.000 0.000 1.000 0.000 0.000 t、 
i K tricolor (Bra) 3 0.000 0.000 1.000 0.000 0.000 0.000 
.1 K tricolor 8 0.000 0.000 1.000 0.000 0.000 0.000 
:| K passer 4 0.000 0.000 0.000 1.000 0.000 0.000 
!' K venustus 5 0.000 0.000 0.000 1.000 0.000 0.000 
P. asfur 4 0.000 0.000 0.125 0.000 0.875 0.250 
P. navarchus 2 0.000 1.000 0.000 0.000 0.000 0.000 
哪 P. sexstriatus 4 0.000 1.000 0.000 0.000 0.000 0.000 
I A 
I I P. xanthometapon 5 0.000 1.000 0.000 0.000 0.000 0.000 
I f P. annularis 3 0.000 1.000 0.000 0.000 0.000 0.000 
t I P. imperator 4 0.000 1.000 0.000 0.000 0.000 0.000 
丨 I P. semicirculatus 4 0.000 1.000 0.000 0.000 0.000 0.000 
i f p. zonipectus 3 0.000 1.000 0.000 0.000 0.000 0.000 
I I P. arcuatus 5 0.000 0.000 0.100 0.000 0.900 0.200 
1 I P. paru 4 0.000 0.000 0.000 0.000 1.000 0.000 
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Table 4.4 (continued) 
m-MDH-2* 
Species N 89 100 109 118 130 H� 
A. arcuatus 3 0.000 1.000 0.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 1.000 0.000 0.000 0.000 0.000 
A. xanthurus 3 0.000 1.000 0.000 0.000 0.000 0.000 
C bicolor 5 0.000 0.600 0.000 0.000 0.400 0.400 
C. heraldi 4 0.000 0.375 0.000 0.000 0.625 0.250 
C. multifasciatus 5 0.000 0.700 0.000 0.000 0.300 0.600 
C. nox 4 0.000 0.500 0.000 0.000 0.500 1.000 
C tibicen 4 0.000 0.875 0.000 0.000 0.125 0.250 
C vrolicki 3 0.000 1.000 0.000 0.000 0.000 0.000 
C. bispinosus (I) 3 0.000 0.833 0.000 0.167 0.000 0.333 
C bispinosus (P) 6 0.000 0.833 0.000 0.167 0.000 0.600 
C.ferrugatus 4 1.000 0.000 0.000 0.000 0.000 0.000 
C loriculus 6 1.000 0.000 0.000 0.000 0.000 0.000 
I'、:.'..-
C potteri 3 1.000 0.000 0.000 0.000 0.000 0.000 
Ch duboulayi 5 0.000 0.000 0.900 0.000 0.100 0.200 
Ch. mesoleucus 4 0.000 0.000 0.750 0.000 0.250 0.500 
••... 
G. semifasciatus 4 0.000 0.000 1.000 0.000 0.000 0.000 
“ H. ciliaris 6 1.000 0.000 0.000 0.000 0.000 0.000 
！. 
“ H. tricolor (Bra) 3 1.000 0.000 0.000 0.000 0.000 0.000 
I H. tricolor 7 1.000 0.000 0.000 0.000 0.000 0.000 
‘^ H. passer 4 1.000 0.000 0.000 0.000 0.000 0.000 
1 K venustus 4 1.000 0.000 0.000 0.000 0.000 0.000 
^ P. asfur 4 1.000 0.000 0.000 0.000 0.000 0.000 
P. navarchus 2 0.500 0.000 0.500 0.000 0.000 1.000 
P. sexstriatus 4 1.000 0.000 0.000 0.000 0.000 0.000 
P. xanthometapon 5 0.900 0.000 0.100 0.000 0.000 0.200 
P. annularis 3 1.000 0.000 0.000 0.000 0.000 0.000 
P. imperator 5 1.000 0.000 0.000 0.000 0.000 0.000 
P. semicirculatus 6 0.917 0.000 0.083 0.000 0.000 0.333 
P. zonipectus 3 0.000 1.000 0.000 0.000 0.000 0.000 
R arcuatus 5 0.000 0.000 1.000 0.000 0.000 0.000 
p, paru 4 0.000 0.875 0.000 0.000 0.125 0.250 
Py. dicanthus 4 0.000 0.875 0.000 0.125 0.000 0.250 
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• • 1 
m-ME* 
Species N 52 70 88 100 114 127 135 156 H� 
A. arcuatus 3~0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
A, xanthurus 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
C bicolor 5 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
C. heraldi 4 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 
C multifasciatus 4 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. nox 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
C tibicen 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
C vrolicki 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
•sem... 
C bispinosus (I) 3 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 
C bispinosus (P) 5 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 
k C.ferrugatus 4 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 
C loriculus 8 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
C potteri 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
Ch. duboulayi 5 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
Ch. mesoleucus 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
G. semifasciatus 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
K ciliaris 8 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
K tricolor (Bra) 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
H. tricolor 7 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
H. passer 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 
H. venustus 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
P. asfur 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. navarchus 2 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. sexstriatus 4 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
P. xanthometapon 4 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
P. annularis 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. imperator 5 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
二 P. semicirculatus 5 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. zonipectus 3 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 
P. arcuatus 3 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 
p, paru 4 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 











Species N 56 77 87 100 111 H� 
A. arcuatus 3 0.000 0.000 1.000 0.000 0.000 0.000 
A trimaculatus 4 0.500 0.500 0.000 0.000 0.000 0.000 
A. xanthurus 3 0.000 0.667 0.333 0.000 0.000 0.000 
C. bicolor 5 0.000 0.000 0.000 1.000 0.000 0.000 
C. heraldi 4 0.000 0.000 0.000 1.000 0.000 0.000 
C. multifasciatus 4 0.000 0.000 0.000 1.000 0.000 0.000 
C nox 4 0.000 0.000 0.000 1.000 0.000 0.000 
C. tibicen 4 0.000 0.000 0.000 1.000 0.000 0.000 
C. vrolicki 3 0.000 0.000 0.000 1.000 0.000 0.000 
C bispinosus (I) 5 0.000 0.000 0.000 1.000 0.000 0.000 
C bispinosus (P) 3 0.000 0.000 0.000 1.000 0.000 0.000 
^ C.ferrugatus 4 0.000 0.000 0.000 1.000 0.000 0.000 
C loriculus 9 0.000 0.000 0.000 1.000 0.000 0.000 
C potteri 3 0.000 0.000 0.000 1.000 0.000 0.000 
Ch duboulayi 5 0.000 0.000 1.000 0.000 0.000 0.000 
Ch mesoleucus 4 1.000 0.000 0.000 0.000 0.000 0.000 
G. semifasciatus 7 0.000 0.000 0.429 0.571 0.000 0.143 
H. ciliaris 8 0.000 0.000 0.000 0.063 0.938 1.000 
H. tricolor (Bra) 3 0.000 0.000 0.000 0.000 1.000 0.000 
H. tricolor 8 0.000 0.000 0.000 0.125 0.875 0.125 
H. passer 4 0.000 0.000 0.000 0.000 1.000 0.000 
„ H. venustus 5 0.000 0.000 0.000 0.000 1.000 0.000 
‘ P. asfur 4 0.000 0.000 0.500 0.500 0.000 0.000 
P. navarchus 2 0.000 0.000 1.000 0.000 0.000 0.000 
‘ P. sexstriatus 4 0.000 0.000 0.000 1.000 0.000 0.000 
-'' P. xanthometapon 5 0.000 0.000 0.000 1.000 0.000 0.000 
P. annularis 3 0.000 0.000 0.000 1.000 0.000 0.000 
P. imperator 5 0.000 0.000 1.000 0.000 0.000 0.000 
‘ P. semicirculatus 6 0.000 0.000 0.917 0.083 0.000 1.000 
P. zonipectus 3 0.000 0.000 0.000 1.000 0.000 0.000 
“ R arcuatus 5 0.600 0.400 0.000 0.000 0.000 0.250 
i p. paru 4 0.000 0.000 1.000 0.000 0.000 0.000 
Py. dicanthus 4 0.000 0.000 0.125 0.875 0.000 1.000 
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Table 4.4 (continued) 
••I • i 
l-PGM-2* 
Species N 100 114 H� 
A. arcuatus 3~~1.000 0.000 0.000 
A trimaculatus 4 1.000 0.000 0.000 
A. xanthurus 3 1.000 0.000 0.000 
C. bicolor 5 0.500 0.500 0.200 
C heraldi 4 0.500 0.500 0.500 
C multifasciatus 5 0.700 0.300 0.200 
C nox 4 0.875 0.125 0.250 
C tihicen 4 0.875 0.125 0.250 
C vrolicki 3 1.000 0.000 0.000 
C. bispinosus (I) 5 0.400 0.600 0.400 
C. bispinosus (P) 3 0.333 0.667 0.333 
“ C.ferrugatus 4 0.500 0.500 0.500 
C. loriculus 9 0.500 0.500 0.333 
C potteri 3 0.500 0.500 0.333 
Ch. duboulayi 4 0.750 0.250 0.250 
Ch. mesoleucus 4 0.750 0.250 0.250 
G. semifasciatus 5 0.300 0.700 0.200 
H. ciliaris 6 0.917 0.083 0.333 
M tricolor (Bra) 3 1.000 0.000 0.000 
， H. tricolor 6 0.833 0.167 0.333 
H. passer 4 0.000 1.000 0.000 
H. venustus 4 1.000 0.000 0.000 
P. asfur 4 0.500 0.500 0.500 
P. navarchus 2 0.000 1.000 0.000 
P. sexstriatus 4 0.250 0.750 0.500 
P. xanthometapon 5 0.000 1.000 0.000 
R annularis 3 1.000 0.000 0.000 
P. imperator 5 1.000 0.000 0.000 
P. semicirculatus 6 0.833 0.167 0.333 
P. zonipectus 3 0.000 1.000 0.000 
P. arcuatus 5 0.000 1.000 0.000 
P. paru 4 0.000 1.000 0.000 
Py. dicanthus 4 0.000 1.000 0.000 
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Table 4.4 (continued) 
l-6PGDH^ ~ 
Species N 46 61 71 83 93 100 113 123 133 150 H� 
A. arcuatus 3 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 
A trimaculatus 4 0.000 0.000 0.000 0.000 0.000 0.875 0.000 0.000 0.000 0.125 0.250 
A. xanthurus 3 0.000 0.000 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 1.000 
C bicolor 5 0.000 0.300 0.000 0.000 0.000 0.700 0.000 0.000 0.000 0.000 0.600 
C heraldi 4 0.000 0.000 0.250 0.000 0.000 0.000 0.750 0.000 0.000 0.000 0.500 
C multifasciatus 5 0.000 0.000 0.500 0.000 0.000 0.500 0.000 0.000 0.000 0.000 0.200 
C. nox 4 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 1.000 
C. tibicen 4 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C. vrolicki 3 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C bispinosus (I) 6 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 1.000 
C bispinosus (P) 3 0.000 0.000 0.000 0.000 0.000 0.167 0.000 0.000 0.000 0.833 0.333 
C.ferrugatus 4 0.500 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.500 0.000 1.000 
C loriculus 7 0.000 0.000 0.000 0.429 0.000 0.000 0.000 0.571 0.000 0.000 0.143 
C. potteri 3 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 0.333 
Ch. duboulayi 5 0.000 0.000 0.000 0.000 0.600 0.000 0.000 0.000 0.400 0.000 0.400 
Ch mesoleucus 4 0.000 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 1.000 
G. semifasciatus 5 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.900 0.000 0.000 0.200 
H. ciliaris 6 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 1.000 
H. tricolor (Bra) 3 0.000 0.000 0.000 0.167 0.000 0.000 0.000 0.833 0.000 0.000 0.333 
H. tricolor 7 0.000 0.000 0.000 0.357 0.000 0.000 0.000 0.643 0.000 0.000 0.143 
H. passer 4 0.000 0.000 0.000 0.750 0.000 0.000 0.000 0.250 0.000 0.000 0.500 
H. venustus 5 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 0.200 
P. asfur 4 0.000 0.000 0.000 0.375 0.000 0.000 0.000 0.625 0.000 0.000 0.250 
P. navarchus 2 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 1.000 
P. sexstriatus 4 0.000 0.000 0.000 0.125 0.000 0.000 0.000 0.875 0.000 0.000 0.500 
P. xanthometapon 5 0.000 0.000 0.000 0.300 0.000 0.000 0.000 0.700 0.000 0.000 0.200 
P. annularis 3 0.000 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 1.000 
P. imperator 5 0.000 0.000 0.000 0.000 0.800 0.000 0.000 0.000 0.200 0.000 0.333 
P. semicirculatus 6 0.000 0.000 0.000 0.000 0.417 0.000 0.000 0.000 0.583 0.000 0.167 
P. zonipectus 3 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 0.333 
P. arcuatus 5 0.000 0.000 0.000 0.200 0.000 0.000 0.000 0.800 0.000 0.000 0.400 
P. paru 4 0.000 0.000 0.000 0.500 0.000 0.000 0.000 0.500 0.000 0.000 1.000 
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Table 4.4 (continued) 
―：^ 
w ^ ^ 
Species N 58 100 118 138 H� 
A. arcuatus 3~0.000 0.000 0.000 1.000 0.000 
A trimaculatus 4 0.000 0.000 0.000 1.000 0.000 
A. xanthurus 3 0.000 0.000 0.000 1.000 0.000 
C bicolor 5 0.000 0.000 0.000 1.000 0.000 
C heraldi 4 0.000 1.000 0.000 0.000 0.000 
C multifasciatus 4 0.000 1.000 0.000 0.000 0.000 
j C. nox 4 0.000 1.000 0.000 0.000 0.000 
3 C tibicen 4 0.000 1.000 0.000 0.000 0.000 
； C. vrolicki 3 0.000 1.000 0.000 0.000 0.000 
C bispinosus (I) 3 0.000 1.000 0.000 0.000 0.000 
C bispinosus (P) 5 0.000 1.000 0.000 0.000 0.000 
-^ C.ferrugatus 4 0.000 1.000 0.000 0.000 0.000 
I C. loriculus 8 0.000 1.000 0.000 0.000 0.000 
!| C potteri 3 0.000 1.000 0.000 0.000 0.000 
t Ch. duboulayi 5 0.000 0.000 0.000 1.000 0.000 
t Ch mesoleucus 4 0.000 0.000 0.000 1.000 0.000 
G. semifasciatus 7 1.000 0.000 0.000 0.000 0.000 
H. ciliaris 7 0.000 1.000 0.000 0.000 0.000 
H. tricolor (Bra) 3 0.000 1.000 0.000 0.000 0.000 
� H. tricolor 8 0.000 1.000 0.000 0.000 0.000 
, H. passer 4 0.000 1.000 0.000 0.000 0.000 
^ H. venustus 5 0.000 0.000 1.000 0.000 0.000 
— P. asfur 4 0.000 0.000 0.000 1.000 0.000 
： P. navarchus 2 0.000 0.000 0.000 1.000 0.000 
P. sexstriatus 4 0.000 0.000 0.000 1.000 0.000 
^ P. xanthometapon 5 0.000 1.000 0.000 0.000 0.000 
5 P. annularis 3 0.000 0.000 0.000 1.000 0.000 
- P. imperator 5 0.000 1.000 0.000 0.000 0.000 
-f P. semicirculatus 5 0.000 0.000 0.000 1.000 0.000 
'1 P. zonipectus 3 0.000 0.000 0.000 1.000 0.000 
t P. arcuatus 5 0.000 0.000 0.000 1.000 0.000 
P. paru 4 0.000 0.000 0.000 1.000 0.000 





Table 4.4 (continued) 
l-SOD-1* 
Species N -180 100 130 Ho 
A. arcuatus 3~~0.000 1.000 0.000 0.000 
A trimaculatus 4 0.000 1.000 0.000 0.000 
A. xanthurus 3 0.000 1.000 0.000 0.000 
C. bicolor 4 0.500 0.000 0.500 0.500 
C heraldi 4 0.000 0.000 1.000 0.000 
C. multifasciatus 4 0.250 0.000 0.750 0.500 
C nox 4 0.250 0.000 0.750 0.500 
C. tibicen 4 0.000 0.000 1.000 0.000 
C. vrolicki 3 0.000 0.000 1.000 0.000 
C bispinosus (I) 3 1.000 0.000 0.000 0.000 
C bispinosus (P) 6 0.667 0.000 0.333 0.333 
C.ferrugatus 4 0.875 0.000 0.125 0.250 
C loriculus 7 0.714 0.000 0.286 0.429 
C potteri 3 0.833 0.000 0.167 0.333 
Ch. duboulayi 5 0.000 1.000 0.000 0.000 
Ck mesoleucus 4 0.000 1.000 0.000 0.000 
G.semifasciatus 6 1.000 0.000 0.000 0.000 
H. ciliaris 6 1.000 0.000 0.000 0.000 
K tricolor (Bra) 3 1.000 0.000 0.000 0.000 
K tricolor 6 1.000 0.000 0.000 0.000 
K passer 3 1.000 0.000 0.000 0.000 
H. venustus 4 1.000 0.000 0.000 0.000 
P. asfur 4 1.000 0.000 0.000 0.000 
P. navarchus 2 1.000 0.000 0.000 0.000 
P. sexstriatus 4 1.000 0.000 0.000 0.000 
P. xanthometapon 4 1.000 0.000 0.000 0.000 
P. annularis 3 1.000 0.000 0.000 0.000 
R imperator 5 1.000 0.000 0.000 0.000 
P. semicirculatus 5 1.000 0.000 0.000 0.000 
P. zonipectus 3 1.000 0.000 0.000 0.000 
R arcuatus 5 1.000 0.000 0.000 0.000 
P. paru 4 1.000 0.000 0.000 0.000 
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Table 4.4 (continued) 
l-SOD'2* 
Species N 80 100 122 145 H� 
A. arcuatus 3~0.000 1.000 0.000 0.000 0.000 
A trimaculatus 4 1.000 0.000 0.000 0.000 0.000 
A. xanthurus 3 1.000 0.000 0.000 0.000 0.000 
C bicolor 4 0.000 0.625 0.000 0.375 0.250 
C. heraldi 4 0.000 0.625 0.000 0.375 0.250 
C. multifasciatus 5 0.000 1.000 0.000 0.000 0.000 
C nox 4 0.000 0.500 0.000 0.500 0.500 
C. tibicen 4 0.000 0.875 0.000 0.125 0.500 
C vrolicki 3 0.000 1.000 0.000 0.000 0.000 
C bispinosus (I) 3 0.000 0.833 0.000 0.167 0.333 
C bispinosus (P) 5 0.000 0.900 0.000 0.100 0.200 
C.ferrugatus 4 0.000 0.875 0.000 0.125 0.250 
C. loriculus 5 0.000 1.000 0.000 0.000 0.000 
C potteri 3 0.000 1.000 0.000 0.000 0.000 
Ch. duboulayi 5 1.000 0.000 0.000 0.000 0.000 
Ch mesoleucus 4 1.000 0.000 0.000 0.000 0.000 
G. semifasciatus 6 0.000 1.000 0.000 0.000 0.000 
K ciliaris 8 0.000 0.750 0.000 0.250 0.250 
H. tricolor (Bra) 3 0.000 1.000 0.000 0.000 0.000 
H. tricolor 8 0.000 1.000 0.000 0.000 0.000 
K passer 4 0.000 0.000 1.000 0.000 0.000 
H. venustus 5 0.000 1.000 0.000 0.000 0.000 
R asfur 4 0.000 1.000 0.000 0.000 0.000 
R navarchus 2 0.000 0.250 0.000 0.750 0.500 
P. sexstriatus 4 0.000 1.000 0.000 0.000 0.000 
P. xanthometapon 5 0.000 0.300 0.000 0.700 0.200 
P. annularis 3 0.000 1.000 0.000 0.000 0.000 
P. imperator 5 0.000 0.600 0.000 0.400 0.400 
P. semicirculatus 6 0.000 0.500 0.000 0.500 0.333 
P, zonipectus 3 0.000 0.167 0.000 0.833 0.333 
R arcuatus 5 0.000 0.600 0.000 0.400 0.400 
：： P. paru 4 0.000 1.000 0.000 0.000 0.000 
i Py. dicanthus 3 0.000 1.000 0.000 0.000 0.000 • ~^^--
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4.6.4 Genetic Distance between Taxa 
The genetic distance (D) ofNei was calculated and tabulated in Table 4.5. 
The genetic distances between color morphs of the same species was found to be 0.01 in 
Holacanthus tricolor (Bolch) (n = 11)，and 0.05 in Centropyge bispinosus (Gunther) (n = 9). 
The average value of genetic distances between subgenera ranged from 0.41±0.13 (mean 土 
S.D) (between Holacanthus {Holacanthus) to other subgenera” n = 11) to 0.61土0.06 
(between Pomacanthus (Pomacanthus) to other subgenera, n = 9)，with an average value of 
0.52i0.07(n=116). 
The average values of genetic distances between genera ranged from 1.03+0.37 (between 
Pygoplites to other genera, n = 4) to 1.39±0.25 (between Chaetodontoplus to other genera, n 
=9), with an average value ofl.25±0.23 (n = 146). 
The average values of genetic distances between subgenera and genera are given in Table 
4.7. Based upon the genetic distance values phenetic dendrogrmas were constructed by using 
the PHYLIP package and placed in figures 4.1 to 4.3. 
4.6.5 Genetic Distance between Genera and Subgenera 
The average genetic distances between subgenera and genera are listed in table 4.6. The 
genetic distance between each genus with all other pomacanthid genera is summarised in 
table 4.7. Within each genus the average genetic distance of each subgenus to all other 
subgenera is also summarised in table 4.7. 






！ Table 4.5. Genetic distance (D) and genetic identity (D) of the 
pomacanthid species investigated. 
.^  ？^ � n n r> D o r> n n n n r> g g 
i I I I I I i I I f I ! I I I I 
§ ^ ^ o- i- ^ 2 D o" 5- (^  S 2 o o 
^ I 圓 � ^ t ^ 圍讓 I ^ • t I 
^ I I I - � ^ 
A. arcuatus 026 0 2 6 " ^ 0.71 0.81 0.89 1.06 0.89 0.85 0.83 1.03 1.02 1.09 0.95 1.31 
A. trimaculatus 0.77 0.13 1.04 1.02 1.08 1.25 1.60 1.32 1.26 1.20 1.16 1.57 1.69 1.05 1.14 
A. xanthurus 0.77 0.88 ^ “ ^ 1.14 1.05 1.33 1.10 1.05 0.97 0.98 1.30 1.39 0.96 1.19 
• C. bicolor 0.46 0.35 0.40 0.41 0.45 0.29 0.34 0.41 0.52 0.48 0.65 0.55 0.73 1.47 1.47 
I C. heraldi 0.49 0.36 0.42 0.66 0.47 0.38 0.52 0.48 0.52 0.46 0.57 0.58 0.65 1.48 1.57 
！ C. multifasciatus~ 0 ^ ^ ^ 0.32 0.64 0.63 0.25 0.20 0.16 0.59 0.52 0.75 0.39 0.42 1.40 1.35 
C.nox 0.41 0.29 0.35 0.75 0.68 0.78 0.16 0.14 0.47 0.46 0.64 0.37 0.39 1.34 1.31 
C. tibicen 0.35 0.20 0.26 0.71 0.60 0.82 0.85 0.05 0.58 0.53 0.74 0.33 0.39 1.30 1.31 
C. vrolicki 0.41 0.27 0.33 0.66 0.62 0.85 0.87 0.95 0.63 0.54 0.82 0.38 0.41 1.15 1.14 
C. bispinosus (I)~~ 0.43 0.28 0.35 0.60 0.59 0.55 0.63 0.56 0.53 0.05 0.15 0.26 0.22 2.03 2.18 
C. bispinosus (P) 0.44 0.30 0.38 0.62 0.63 0.59 0.63 0.59 0.58 0.95 0.18 0.32 0.26 1.96 2.04 
C.ferrugatus 0.36 0.31 0.38 0.52 0.56 0.47 0.53 0.48 0.44 0.86 0.83 0.30 0.28 1.89 2.13 
C. loriculus 0.36 0.21 0.27 0.58 0.56 0.68 0.69 0.72 0.69 0.77 0.73 0.74 0.10 1.25 1.28 
C. potteri 0.34 0.19 0.25 0.48 0.52 0.66 0.68 0.67 0.66 0.80 0.77 0.76 0.91 1.43 1.45 
Ch. duboulayi 0.39 0.35 0.38 0.23 0.23 0.25 0.26 0.27 0.32 0.13 0.14 0.15 0.29 0.24 0.14 
Ch. mesoleucus~~~^'^~^~^ 0.21 0.26 0.27 0.27 0.32 0.11 0.13 0.12 0.28 0.24 0.87 
G. s e m i f a s c i a t u s ~ ^ ^ 0.27 0.34 0.17 0.22 0.14 0.14 0.36 0.31 0.30 0.31 0.27 0.19 0.16 
H. cililaris 0.26 0.27 0.22 0.19 0.22 0.30 0.32 0.24 0.25 0.30 0.29 0.38 0.30 0.35 0.17 0.16 
H. tricolor (Bra)"~ 0.16 0.16 0.22 0.16 0.17 0.22 0.29 0.20 0.21 0.26 0.22 0.33 0.28 0.32 0.10 0.12 
H. tricoloor 0 ^ 0.16 0.22 0.17 0.19 0.23 0.29 0.20 0.22 0.27 0.25 0.35 0.29 0.33 0.10 0.12 
H. passerr 0.16 0.22 0.22 0.14 0.21 0.15 0.21 0.10 0.10 0.24 0.20 0.31 0.23 0.25 0.17 0.17 
H. venustus 0.19 0.18 0.25 0.13 0.17 0.26 0.23 0.25 0.27 0.21 0.18 0.28 0.32 0.37 0.25 0.24 
P. asfur 0 ^ 0.24 0.30 0.47 0.31 0.40 0.51 0.40 0.41 0.41 0.39 0.47 0.52 0.50 0.26 0.26 
P. navarchus 0.24 0.18 0.20 0.40 0.28 0.33 0.46 0.29 0.32 0.31 0.29 0.29 0.39 0.39 0.39 0.38 
P. sexstriatus 0.24 0.19 0.19 0.40 0.32 0.34 0.39 0.25 0.30 0.37 0.36 0.38 0.39 0.42 0.20 0.24 
P. xanthometapon 0.14 0.13 0.13 0.34 0.37 0.37 0.44 0.27 0.31 0.41 0.39 0.40 0.41 0.44 0.15 0.19 
P. annularis 0.27 0.24 0.25 0.41 0.33 0.35 0.45 0.38 0.39 0.40 0.40 0.50 0.44 0.48 0.29 0.28 
R imperatus 0 ^ 0.20 0.23 0.31 0.34 0.34 0.47 0.38 0.39 0.40 0.40 0.49 0.43 0.48 0.28 0.22 
P. semicirculatus 0.28 0.24 Q.26 0.39 0.21 0.23 0.36 0.30 0.27 0.27 0.27 0.37 0.33 0.36 0.27 0.26 
P, zonipectus ~ ^ 0.27 0.28 0.43 0.29 0.27 0.42 0.35 0.32 0.46 0.43 0.40 0.33 0.42 0.22 0.22 
P. arcuatus 0.20 0.20 0.24 0.24 0.17 0.27 0.25 0.25 0.26 0.27 0.24 0.27 0.30 0.36 0.28 0.28 
P.paru ~ ^ 0.24 0.32 0.41 0.30 0.27 0.39 0.32 0.33 0.44 0.43 0.39 0.36 0.38 0.28 0.23 
Py. dicanthus 0.20 0.15 0.21 0.39 0.25 0.41 0.36 0.43 0.41 0.39 0.37 0.34 0.43 0.41 0.29 0.28 
Genetic distance vlaues were calculated with Nei's correction for small 
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Table 4.7. Average Genetic Distances between Pomacanthid 
Genera and Subgenera 
Genera and Subgenera Genetic Distance Genetic Distance~" 
(mean ± S.D.) (mean 土 S.D.) 
Apolemichthys 1.38±0.25 
Centropyge (Centropyge) 0.53* 
Centropyge {Xiphipops) 0.53* 
Centropyge 1.2510.25 o.53^  
Chaetodontoplus 1.3910.25 
Genicanthus 1.3810.22 
Holanthus {Angelichthys) 0.41 ±0.13 * 
Holacanthus {Holacanthus) o.40±0.12* 
Holacanthus {Plitops) 0.56i0.10* 
Holacanthus (undertermined) 0.53土0.13* 
Holacanthus 1.25±0.42 0 . 4 8 土 0 . 1 3 卞 
Pomacanthus {Arusetta) 0.52±0.02* 
Pomacanthus {Euxiphipops) 0.56±0.08* 
Pomacanthus {Pomacanthodes) 0.53±0.08* 
: Pomacanthus (Pomacanthus) 0.61±0.06* 
Pomacanthus 1 . 1 4 ± 0 . 3 0 0 . 5 6 ± 0 . 0 7 卞 
Pygoplites ‘ 1.0310.37 
All Generaor Subgenera L25±0.23^  0.52±0.07^ 
* genetic distance between subgenera 
j average genetic distance among all subgenera within the same genus 
average genetic distance between all subgenera among all genus 
average genetic distance between all genera 
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4.6.6. Phenetic Dendrograms ofthe 31 Pomacanthid Species Investigated 
I Chaetodontoplus mesoleucus 
I Chaetodontoplus duboulayi 
�Centropyge (Centropyge) vroliki 
r L Centropyge {Centropyge) tibicen 
p— ‘― Centropyge (Centropyge) nox 
� ^""^- Centropyge (Centropyge) multifasciatus 
*"•"^"^^ Centropyge {Centropyge) bicolor 
1 — ^ — Centropyge (Centropyge) heraldi 
CCentropyge (Xiphipops) potteri Centropyge {Xiphipops) loriculus 
*•••^“ p- Centropyge {Xiphipops) bispinosus 
mm^^^ _ L-i Centropyge {Xiphipops) bispinosus* 
I — Centropyge {Xiphipops) ferrugatus 
I Apolemichthys xanthurus 
^_^__^_^^^^_^_ I Apolemichthys trimaculatus 
'^—^— Apolemichthys arcuatus 
[Holacanthus {Holacanthus) tricolor 
^^^^^ Holacanthus {Holacanthus) tricolor** 
_. 1^—^» Holacanthus {Agnelichthys) ciliaris 
^^^^^^— *""^""""""""""^^" Holacanthus (undetermined) venustus 
_ 1^^^^—^^^^^ Holacanthus {Plitops) passer 
I—i—ii— Pomacanthus (Pomacanthus) paru 
1^^^^^^^ ^_^ . Pomacanthus (Pomacanthus) arcuatus 
^^^^—^^^^— Pygoplites diacanthus 
H—— Pomacanthus {Euxiphipops) xanthometopon _,^_l •"• Pomacanthus {Euxiphipops) sexstriatus 
!"•~~—~ Pomacanthus {Euxiphipops) navarchus 
__ j Pomacanthus {Pomacanthodes) imperator 
n Pomacanthus {Pomacanthodes) annularis 
L— l — ^ Pomacanthus {Pomacanthodes) semicirculatus 
^"••^^^^^^^― Pomacanthus {Arusetta) asfur 
l_M->M^_^^M Pomacanthus {Pomacanthodes) zonipectus 
‘k. 
t^^^^^^^^^^^^^^^^^^^^^^i^^mmmm^^^^ Genicunthus semifasciatus 
I I I I 
1.5 1.0 0.5 0.0 
= Genetic Distance 
«.• 
i Figure 4.1 Phenetic dendrogram ofthe 31 pomacanthid species based upon 
争 FITCH analysis of genetic distance data corrected for small sample size. 
4^ 
i * Centropyge bispinosus (color morph from Indonesia), ** Holacanthus tricolor 
t' (color morph from Brazil), i 
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\ Holacanthus {Holacanthus) tricolor 
_ _ ^ Holacanthus (Holacanthus) tricolor** 
p. ^—^— Holacanthus {Agnelichthys) ciliaris 
r"~"^ '•^^—"‘“ Holacanthus (undetermined) venustus 
_ *—^—^^^— Holacanthus {Plitops) passer 
I— Pomacanthus (Pomacanthus) paru i^^__^^_^ __j . Pomacanthus (Pomacanthus) arcuatus 
^—^^^——^— Pygoplites diacanthus 
I Pomacanthus (Euxiphipops) xanthometopon 
i__ • Pomacanthus {Euxiphipops) sexstriatus 
1^—^— Pomacanthus (Euxiphipops) navarchus 
_ j Pomacanthus {Pomacanthodes) imperator 
^^^^ • Pomacanthus {Pomacanthodes) annularis 
L— *^"^ Pomacanthus {Pomacanthodes) semicirculatus 
!—•••^—'-^— Pomacanthus {Arusetta) asfur 
——Pomacanthus {Pomacanthodes) zonipectus 
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1.5 1.0 0.5 0.0 
Genetic Distance 
Figure 4.2 Phenetic dendrogram of the 31 pomacanthid species based upon 
KITSCH analysis of genetic distance data corrected for small sample size. 
* Centropyge bispinosus (color morph from Indonesia), ** Holacanthus tricolor 
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Centropyge (Xiphipops) loriculus 
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r ~ ^ f Holacanthus {Holacanthus) tricolor 
� ^ Holacanthus {Holacanthus) tricolor** 
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_ _____^_^^__ r Pomacanthus {Pomacanthodes) annularis 
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Figure 4.3 Phenetic dendrogram of the 31 pomacanthid species based upon UPGMA 
analysis of genetic distance data corrected for small sample size. 
* Centropyge bispinosus (color morph from Indonesia), ** Holacanthus tricolor (color 





4.6.7.1 Tertiary Structure ofthe Enzymes Scored 
i\ll the enzymes scored conforms well with the number of subunits except alkaline 
phosphatase {l-ALP^) and glucose-6-phosphate dehydrogenase {h-GDH*). As these 
two enzymes showed only one or two major bands, this is interpreted as a single 
variable gene encoding a monomeric enzyme. These two enzymes are known to be 
dimers in some vertebrates yet information on the number of subunits in teleosts is 
unavailable. Assuming that these two enzymes are dimers in the pomacanthids, the 
numbers of major bands observed can be interpreted as a condition in which the 
heterodimers between alleles cannot be formed. In other words, only homodimers 
(AiAi, A2A2 etc.) are formed and thus only one band was observed for homozygous 
individuals and two bands were observed for heterozygous individuals. 
4.6.7.2 Number of specimens examined per species 
The number of specimens of each species examined in this study was generally 
small, ranging between 2 and 9. However, the number of loci examined (23) was 
relatively high. The analyses of genetic distances should therefore be relatively 
reliable because estimates of genetic divergence depend more on the number of loci 
examined than on the sample size QSfd, 1978; Gorman and Renzi, 1979; Shaklee et 
cd.’ 1982; Richardson et al., 1986). As the pomacanthids are very costly ornamental 
fishes it would be very difficult economically to increase the number of individuals 
per species. It is estimated that the average cost of each individual specimen is around 
100 dollars (HK). Thus it would be prohibitive economically to raise the number of 
individuals per species beyond ten. 
In delineating systematic relationship among species, it is important to delineate 
biological species and create a hierarchical classification reflecting relationships. This 
approach is different from that of genetic approaches. In sympatric or allopatric 
populations of a diploid sexually reproducing species it is sufficient to both recognize 
and characterize two cryptic species (i.e. species that are not distinguishable at the 
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morphological level) if there exists a fixed electrophoretical difference between 
populations (Richardson et al； 1986). A fixed difference is defined as the case in 
which two species or populations failed to share any alleles at a locus. The sample 
sizes needed for the electrophoretic detection ofcryptic species are surprisingly small, 
a sample of five individuals from each population will be sufficient to support the 
hypothesis that the two forms are separate species so long as at least one fixed 
difference is found. For a single species in Hardy-Weinberg equilibrium, the 
probability is only 0.1% of drawing five individuals homozygous for one allele at one 
locus，and five individuals homozygous for the alternative allele. This probability 
would be compounded if more than one fixed difference is found (Richardson et aL, 
1986). 
The same argument is also supported by Nevo (1978); after screening 
electrophoretically the isozymes of a large number and range of vertebrates, it was 
found that most populations are commonly monomorphic at an average of 85% of 
isozyme loci. In other words, a single individual is representative of the whole 
population for, on average, 85% of electrophoretic characters. In this research, fixed 
differences were commonly found among pomacanthid genera and even congenic 
species. In the loci l-ALD*, for example, the allele 100 is the common allele for the 
genera Apolemichthys and Centropyge, while the allele 23 is the common allele for 
the Pomacanthus species; and the Holacanthus species are fixed at the allele 14. Such 
fixed differences among the pomacanthid species make the delineating of species 
relatively easy and reliable. 
4.6.7.3 Average Heterozygosity 
The average heterozygosities of the specimens studied ranged from 0.087 to 0.348 
(Centropyge loriculus) ； and the average value is 0.164. This value is higher than the 
typical value offish in general (Ward et al.’ 1992) and marine fish in particular (Smith 
and Fujio, 1982, Ward et al., 1994) which averages around 0.053. The reason for this 
high value in observed heterozygosity might be due to the small number of 
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individuals sampled in this investigation. The presence of heterozygotes in a small 
sample size will tend to raise the average value ofheterozygosity. 
This higher than average value can also be accounted for by the habitat specialist-
generalist model raised by Smith and Fujio (1982). In the habitat specialist-generalist 
model, specialists are defined as those species feeding on a narrow range of prey 
species, associated with a narrow range of substrates or restricted depth range and 
showing specific morphological (shape and fms), phenotypic (color) and behavioural 
adaptations. Generalists are those species feeding on a wide variety ofprey, occurring 
over a wide range of bottom substrates and wide depth range, and showing few 
morphological adaptations (Smith and Fujio, 1982). After examining 106 marine 
teleost species, it was found that the average heterozygosity ranged from as high as 
0.068 in temperate pelagic species to as low as 0.021 in polar species (the 
heterozygosity for tropical marine teleosts was 0.06). It is concluded that the level of 
heterozygosity tends to be higher in habitat specialists and lower in habitat generalists. 
Differences in heterozygosities between habitat specialist and generalist can be 
explained in terms of the environmental grain concept developed by Valentine (1976). 
A specialist species perceives its environment as coarse-grained, or heterogeneous, 
and is affected by the patchiness of the environment, often being restricted to one 
patch or substrate. A generalist species, on the other hand, perceives its environment 
as fine-grained as if the environment is homogeneous. Any patchiness, in terms of 
food type availability, substrate, or temperature, is of minor importance to the 
tolerance ofthe animal. An environment that is fine-grained for one species could be 
coarse-grained for another. In specialist species, narrow-range alleles would be 
favoured, permitting a greater degree of fine tuning to the environment, with 
individuals adapted to microhabitats. The species or population represents an 
accumulation of several narrow-range alleles and is characterised by high 
heterozygosities. In generalists species, selection would favour those individuals 
capable of surviving over a wide range of conditions experienced by the animal. The 
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population or species would consist of a few wide-range alleles and be characterised 
by low heterozygosities (Valentine, 1976). 
As the pomacanthids are highly specialized for surviving in coral reefs in terms of 
food types, morphology, coloration and behaviour, according to the habitat specialist-
generalist model it is no wonder that they are characterized by a high heterozygosity 
value. 
4.6.7.4 Genetic Distances among the Pomacanthids 
The average value of genetic distance among various pomacanthid genera is 
1.25±0.22. The value of genetic distances within the same species in the range of 0.01 
(Holacanthus tricolor (Bolch)) to 0.05 (Centropyge bispinosus (Gilnther)) is similar to 
the reported values in population level analysis (Stein et al., 1985; Cross et al., 1992). 
The average value of genetic distances between subgenera within a genus ranged 
from 0.41±0.13 (between Holacanthus (Holacanthus) to other subgenera) to 
0.61±0.06 (between Pomacanthus {Pomacanthus) to other subgenera), with an 
average value of 0.52l0.07. As revealed from these figures it seems that the genus 
Holacanthus is more homogeneous than the genus Pomacanthus. It also reflects that 
subgenus Pomacanthus is more distantly related to its congeners, such a finding is not 
surprising since both members of the subgenus Pomacanthus differs dramatically with 
their congeners. 
;, The average values of genetic distances between genera ranged from 1.03±0.37 f 
1 
j (between Pygoplites to other genera) to 1.39土0.25 (between Chaetodontoplus to other 
|| ;:: genera), with an average value of 1.25土0.23. These values conform with the published 
values of genetic distance between teleost species and genera (Kijima et al., 1986; 
‘ ^ 
/' Taniguchi and Fujita, 1986; Bolch et al, 1994). A much lower average value of 
！ genetic distance between Pygoplites with other genera reflects the genetical affinity of 
[ 
this genus with other pomacanthid genera. The extremely low value in genetic 




and 0.53 for P. arcuatus and P. paru respectively) is unexpected. Such a value in 
genetic distance should be viewed as that between consubgeners or congeners rather 
than between genera. The generic status oiPygoplite diacanthus probably has to be 
re-evaluated. 
4.6.7.5 Phylogenetics of the Pomacanthids as revealed from Isozyme 
Electrophoresis 
Among the dendrograms derived from the algorithms, the dendrogram derived 
from KITSCH and FITCH are found to be identical, and several features are 
commonly observed among the three dendrograms: 
a. Pygoplites diacanthus (Boddaert), the only member of the monotypic genus, is 
always closely associated with both species of subgenus Pomacanthus Lacepede. 
Pygoplites diacanthus always forms a monophyletic group with both members of 
the subgenus Pomacanthus, and this group in tum forms a monophyletic group 
with all the other Pomacanthus species studied. According to the current 
systematic systems, the affinity of Pygoplites diacanthus to the subgenus 
Pomacanthus is unexpected since the two groups are in different subfamilies. The 
biochemical affinity of this species to the Pomacanthus species in particular the 
subgenus Pomacanthus has to be reconfirmed with morphological or phenetic 
characters. The morphology of both members of the subgenus Pomacanthus, P. 
arcuatus (Plate A.11) and P. paru (Plate A.12) is much different from that of 
Pygoplites diacanthus (Plate A.34), and from other members the genus 
Pomacanthus. Judging from the morphological differences alone it is no wonder 
that the subgenus Pomacanthus is biochemically distinct from their congeners. 
The genus Pygoplites was erected by Fraser-Brunner (1933) and was described 
as related to Holacanthus Lacepede, with differences mainly in the large cheek-
scales, form of preorbital and interoperculum, and rounded caudal fin (Fraser-
Brunner, 1933). Both Pygoplites diacanthus (Boddaert) and most Holacanthus 
species possess 14 dorsal spines and dentate preoperculum. In the generic key of 
Shen and Liu (1979) (p.30), the gas bladder in both Pygoplites Fraser-Brunner and 
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Holacanthus Lacepede are divided into two chambers, the two genera was 
distinguished only in the number of pyloric caeca, which is 3-4 in Holacanthus and 
22 in Pygoplites. With the close morphological relationship between Pygoplites 
and Holacanthus in mind, it is interesting to find that the genera Holacanthus 
Lacepede and Pomacanthus Lacepede form a monophyletic group in two of the 
clustering algorithms (KITSCH and FITCH, PHYLIP package). This arrangement 
is supported by the general resemblance between the two groups, in parameters 
such as body size and ontogenic dichromatism. As Pygoplites diacanthus 
(Boddaert) is allopatric with both P. arcuatus and P. paru, and the genetic 
distances between the former from the latter is rather small (0.57 and 0.53 
respectively); it is tentatively believed that Pygoplites diacanthus (Boddaert) may 
represent an intermediate form between Holacanthus Lacepede and Pomacanthus 
Lacepede that emerged as the two groups began to diverge. 
b. Apolemichthys arcuatus (Gray), which was tentatively considered to be a member 
of Holacanthus Lacepede (Pyle, 1989c)，is always closely related with its 
congeners, A. trimaculatus (Lacepede) and A. xanthurus (Bennett), though it is an 
outgroup of the latter two species. 
c. Centropyge multifasciatus (Smith and Radcliffe), which was placed into 
Paracentropyge Burgess by Burgess (1991) and whose generic status was said to 
be undetermined by Pyle and Randall (1993)，is always closely associated with 
members of the subgenus Centropyge Kaup. Thus biochemically C. multifasciatus 
(Smith and Radcliffe) is still most appropriate to be placed in subgenus Centropyge 
Kaup, despite it manifests some morphological differences from members of the 
same genus. The recently described Centropyge species, Centropyge boylei Pyle 
and Randall (Pyle and Randall, 1992), which highly resembles C. multifasciatus 
morphologically, is tentatively believed to be biochemically close to C. 
multifasciatus. However, such a belief has to be confirmed by actual 




since the range ofthis species is extremely limited and specimens are not available 
through the aquarium trade. 
d. Holacanthus venustus Yasuda and Tominaga, which was placed in Sumireyakko 
Burgess (Burgess, 1991), is found to be closely associated with members of 
Holacanthus Lacepede. Biochemically speaking, Holacanthus venustus is 
somewhat in between H. ciliaris (Linnaeus) (subgenus Angelichthys Jordan and 
Evermann), H. tricolor (Bloch) (subgenus Holacanthus Lacepede), and H. passer 
Valenciennes (subgenus Plitops Fraser-Brunner). The genetic distance of H. 
venustus to subgenus Angelichthys and subgenus Holacanthus is much greater than 
that between the two subgenera, thus this species should warrant a subgenus of its 
own. Currently the subgeneric status of H. venustus is unresolved, as this species 
‘ was placed into "subgenus undetermined" by Allen (1979) some two decades ago, 
為 and the systematics of the genus Holacanthus Lacepede has not been revised since 
then. Personal communications with Dr. Warren Burgess of the Tropical Fish 
Hobbyist Magazine and with Prof. Shih-Chieh Shen ofthe National University of 
Taiwan gave no hint to the subgeneric status of this species. With the present 
research it is hoped that the subgeneric status of this species could be confirmed. 
e. The two color morphs of Holacanthus tricolor (Bloch), the normal morph and the 
"Brazilian" morph, is always most closely associated with each other (genetic 
distance between the two forms is 0.01). Thus the biochemical differences between 
the two morphs are considered to be minimal and can only be ascertained by 
increasing the sample size as such assays involves screening of the polymorphic 
loci among the two color morphs. 
’ f. Conversely, the two color morphs Centropyge bispinosus (Gunther), from the 
Philippines (westem Pacific Ocean) and Indonesia (Indian Ocean) respectively, 
showed more biochemical diversity than that of Holacanthus tricolor (Bloch). 
Certainly the two forms are more diverse than expected (genetic distance between 
； the forms is 0.05). However, conclusions concerning the degree of diversity could ,• ^ ^-. s 
5 not be drawn until further assays with increased sample size have been carried out. 
.-S3W--
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(Allen，1979), it is interesting to investigate the extent of diversity ofthe various 
populations of color morphs, from which might provide hints on the pattem of 
pomacanthid diversity and evolution. 
g- The two Centropyge subgenera, Centropyge Kaup mdXiphipops Jordan and Jordan 
arc always closely associated with each other and the two groups are monophyletic. 
This confirms the biochemical relatedness between the two groups, since the 
genetic distance between the two groups is minimal (approximately 0.53 on the 
average), separation of the subgenus Xiphipops from Centropyge Kaup as proposed 
by Prof. Shih-Chieh Shen of the National University ofTaiwan cannot bejustified. 
This research confirms the present subgeneric ranking of the genus Centropyge 
Kaup, which was constructed on the basis of morphological (phenetic) 
relationships. 
In the subgenus Xiphipops, C. potteri (Jordan and Metz) and C. loriculus (Gunther) 
form a monophyletic group, and C ferrugatus Randall and Burgess and C. 
bispinosus (Gunther) form another monophyletic group. This finding conforms 
with the current belief since the members of the monophyletic groups resemble 
each other phenotypically (in terms of coloration, body size, and morphology). The 
generic ranking in the subgenus Centropyge is a bit different, the species forms a 
hierarchy of monophyletic groups, with C heraldi Woods and Schultz and C. 
bicolor (Bloch) genetically more diverse from other members of the subgenus. The 
phenetic relationships of the Centropyge species as revealed in the present 
dendrograms are just a fragmented portion of the genus since only 10 out of the 32 
currently recognised species were sampled. It is not until more species could be 
� investigated that a complete picture of the phenetic and even phylogenetic 
relationship of the genus might be sketched. 
• � . . 
h. In the genus Pomacanthus Lacepede, the phenetic relationships conform well to the 
current systematics of the pomacanthids. Members of each subgenus form 
monophyletic groups with each other. The subgenus Pomacanthus Lacepede is 
most distinct from its congeners in terms of genetic distance {Pygoplites 
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diacanthus Boddaert is included into the monophyletic group containing all 
Pomacanthus species investigated, as discussed above). This is justified from the 
differences in general morphology of the subgenus from that of others in the genus 
Pomacanthus, and in the differences in the number of dorsal spines and rays from 
members ofother subgenera (9 dorsal spines and 30 dorsal fin rays compared with 
13 dorsal spines and 20-24 dorsal fin rays in other congeners). P. asfur (Forsskal) 
of the subgenus Arusetta Fraser-Brunner is closely associated with members of 
subgenus Pomacanthodes Gill, as the two subgenera form a monophyletic group, 
which in term forms a monophyletic group with members of the subgenus 
Euxiphipops Fraser-Brunner. 
Pomacanthus zonipectus (Gill), a member of the subgenus Pomacanthodes Gill, 
forms a monophyletic group with all its congeners except those of the subgenus 
Pomacanthus Lacepede. This is contradictory to the current systematics as R 
zonipectus is generally believed not to be so distinct from members of the 
subgenus. Hints on the diversification of this species from members of the 
subgenus Pomacanthodes Gill is given on several features which are atypical ofthe 
subgenus, such as the number of dorsal spines (9 dorsal spines compared with 13 
dorsal spines typical of the subgenus), coloration of the juvenile [the juveniles of 
this species possess curved yellow colored band (Plate A.10), which can only be 
seen in juveniles of P. asfur (ForsskM) (Plate A.3) (subgenus Arusetta) and those 
of subgenus Pomacanthus (Plates A.11 and A.12) (Allen, 1979; Chung, personal 
observation)], cleaner habit of the juveniles [a characteristic which is shared by 
juveniles of the subgenus Pomacanthus (Moenich, 1988; Russo, 1988)], and body 
coloration and dimension of the adults [body coloration of mature specimens in 
this species is atypical of the genus, the protrusion at the forehead region and the 
body height to standard length ratio is greater than that of its congeners (Smith and 
Heemstra，1986)]. As P. zonipectus (Gill) is allopatric with all members of the 
) same subgenus, there is strong evidence that the subgeneric rank of this species 
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zonipectus (Gill) should represent an intermediate form between the subgenus 
Pomacanthus Lacepede and subgenus Pomacanthodes Gill. 
i. As revealed by the dendrograms derived by the FITCH and KITSCH programs, the 
genera Centropyge Kaup and Apolemichthys Fraser-Brunner form a monophyletic 
group，which in tum form a monophyletic group with the genera Holacanthus 
Lacepede and Pomacanthus Lacepede. According to the current system of 
pomacanthid systematics, the genera Centropyge, Aploemichthys, and Holacanthus 
belong to the subfamily Holacanthinae. It is no wonder that they are placed 
together in the dendrogram. The genera Chaetodontoplus and Pomacanthus belong 
to subfamily Pomacanthinae, they are also close to each other. Interestingly the 
genera Holacanthus and Pomacanthus are found to be genetically close, which is 
: not expected by the current systematics of the pomacanthids. However, there are 
actually some hints that justify the close association between the two groups. 
Firstly, members ofboth genera are similar in body size and are among the largest 
in size of all pomacnthid genera. Secondly, they are both sponge feeders. Thirdly, 
both Holacnthus and Pomacnthus species are ontogenic dichromatic, and this 
phenomenon is only observed in the Chaetodontoplus species, which is also 
closely related to the two genera. Fourthly, some of the juveniles of both genera 
were reported to set up cleaning stations that serve to remove external parasites 
from other fish. Judging from these similarities, the bichemical closeness of the 
two genera is reasonable. 
j. The genus Genicanthus Swainson was always presented as the outgroup of all other 
pomacanthid genera (Figs. 4.1 - 4.3). As judged from the average genetic distance 
of Genicanthus Swainson from other pomacanthid genera, planktivorous food 
habitat, permanent sexual dimorphism, social organization, external morphology 
(much longer body length, emarginate to lunate caudal fin, Plate A.27 - A.28), 
. shorter and smaller teeth, unique oesophageal papillae among the pomacanthids 
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Genicanthus species was investigated in this research, support for this argument 
requires further research on other Genicanthus species. 
Dendrograms derived from UPGMA differ from that of the other two algorithms 
only on the generic position of the genus Apolemichthys Fraser-Brunner, which is 
presented as monophyletic with the genus Chaetodontoplus Bleeker in the former，and 
monophyletic with Centropyge Kaup in the latter algorithms. The latter trees are more 
reliable and conform with the current systematics of the pomacanthids. When 
constructing the dendrogram of the pomacanthid species using KITSCH, 20 jumbles 
of random input order of the species was applied and a total of 127,790 trees were 
examined so it is quite confident to justify the reliability ofthe dendrogram obtained. 
i.-
No matter which is the true picture of the phylogenetic relationship ofthe three genera 
concerned, the dendrograms revealed the close relationship among the groups. The 
three groups are morphologically close and all possess rounded unpaired fins, they 
varies in body size, with the genus Centropyge Kaup in one extreme (small sized) and 
Chaetodontoplus Bleeker in the other (large sized, maximum 300 mm standard 
length). Judging from the dendrograms obtained and on meristic characters, 
Centropyge Kaup and Apolemichthys Fraser-Brunner should be closely related. 
Members of the genus Centropyge Kaup and Apolemichthys Fraser-Brunner possess 
similar dorsal spine counts (IX-IV) while those of Chaetodontoplus Bleeker possess 
only 13 dorsal spines. The genus Chaetodontoplus Bleeker should represent a crucial 
point in deriving the phylogenetic relationship between the current subfamilies, and 
tentatively, with the third putative subfamily containing the genus Genicanthus 
Swainson. 
As a conclusion, genetic analysis on the phenetic or phylogenetic relationships of 
the family Pomacanthidae is at a starting point rather than at an end. With the hints 
given by this research, it is hoped that some unsettled areas in this research could be 
unravelled in the future, possibly through investigations with increased number of 
pomacanthid species and number of specimens in each species. 






The Pomacanthidae is a teleost family that is highly advanced and specialized. They are 
specialized in morphology, diet, habitat and ecology, social structures, and in terms oftheir 
ontogenic dichromatism and sexual dimorphism in some genera. 
Morphologically speaking, the pomacanthids are highly adapted for surviving in coral 
reefs. Their dazzling colour patterns mingle well with the background, and by decreasing the 
length to height ratio they gain better balance while sacrificing swimming speed (except in the 
genus Genicanthus, which is more pelagic than other pomacanthid genera). 
In the course of evolution, the pomacanthids adopted a strategy that led to reduced 
competition in terms of food resources. At least two groups of pomacanthids (Pomacanthus 
and Holacanthus) feed mainly on sponges which few other teleost families would take 
(Randall and Hartman, 1968). After examining the stomach content of 212 species of West 
Indian reef and inshore fishes, sponge remains were found in only 21 species, and only in 11 
species that sponge comprised over 6% of the stomach contents (Randall and Hartman, 1968). 
It was found that sponge comprised over 95% of the stomach contents of Holacanthus 
species, and over 70% of that of Pomacanthus species. Among other teleosts only the filefish 
{Cantherhines macrocerus) consume sponge to the same extent. Since sponge feeding was 
observed only in a few highly specialized teleost families, it was believed that this habit has 
evolved only recently. As sponges are well known for their defensive characters, which 
consist ofmineralized sclerites, tough fibrous materials and a range ofbioactive products such 
as antimicrobial chemicals, noxious chemicals and toxins (Randall and Hartman, 1968; 
Becerro et al； 1994; Pennings et aL, 1994; Proksch 1994), the pomacanthids which are the 
major consumer of sponges are tentatively believed to be capable of detoxifying these 
bioactive compounds. Detailed analysis of such detoxification mechanisms and pathways 
might shed light on the biosynthesis of some useful bioactive compounds or medicinal 
biomolecules. Apart from the genera which feed on sponges, feeding habits of other members 
of the family are also diverse. These include the herbivorous Centropyge species; 
planktivorous Genicanthus species, and even mucophagous symbiotic cleaning juveniles of 





•^  The specific diet of the pomacanthids might affect their growth rates. With regard to the 
findings from this research, Pomacanthus imperator and possibly other pomacanthids are 
slow growers. The K value of 0.073 for Pomacanthus imperator is found the be among the 
lowest among teleosts. Such a slow growth rate of the pomacanthids lengthens the time 
required to reach sexual maturity (e.g. at least 6 years for females and 10 years for males), 
which is disadvantageous when the environment is rapidly changing, especially with the 
interference of human activities. The major threat of the pomacanthids seems to be the 
harvesting activity for the endless demands from the aquarium trade. Although only the 
juveniles and subadults rather than the adults are usually sought after by the aquarists, this 
harvest still poses a potential threat to the wild populations of the pomacanthids. Personal 
communication with traders of marine aquarium fish revealed that the coral fish population 
around the Caribbean Sea and Southern Florida has been diminished, as a result fishing 
activities have been switched to further south of Florida (to countries such as Brazil). It has 
just been about two decades since the first attempt to keep coral reef fish as a hobby, thus it is 
reasonable to assume that wild populations of coral reef fish would be affected through two 
\ 政 decades of intensive harvesting activity. If this trend persists we can forecast the opening and 
i ； exhausting of new fishing grounds within the next one or two decades. Without preventive 
I"： 
•' measures the coral reef fishes in particular the pomacanthids might be pushed to the point of 
extinction in the near future. Theoretically strict regulations should be imposed to prevent 
over-harvesting of coral reef fishes, it is however not practicable in countries in which 
economic income is considered to be more important than conservation. Alternatively large 
scale attempts to spawn coral reef fish in captivity should be practiced so as to relieve the 
harvesting pressure on the wild stock. 
Geographically speaking, the westem Pacific region is most speciose and contains more 
than 40 pomacanthid species. The next most speciose region is the adjacent Indian Ocean 
which contains 26 species. Judging from these figures it is believed that the Indo-Pacific 
region was the region where the pomacanthids emerged and radiated to other geographic 
regions. The Centropyge species, due to their tendency to seek protection among coral 
branches, existed as smaller body sized individuals than the other pomacanthids. Since the 
small body size and the substrate-adhering nature of the Centropyge species would encourage 
geographic isolation, it is no wonder that this is the most speciose genus of the family. The 
different color morphs of some Centropyge species such as those of Centropyge bispinosus 
：.<• � (Allen, 1979) might represent some intermediate forms in the course of evolution from which 
^ . 
‘ the allopatric populations diversify. 
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Biochemical relationships among the various genera of the pomacanthids have been 
studied in this study. The success in using starch gel electrophoresis to establish family level 
relationships in fish is confirmed. From the genetic distance data and the resulting 
dendrograms, the major controversy in current pomacanthid systematics has been resolved. In 
particular, the placing of Holacanthus venustus Yasuda and Tominaga in the genus 
Holacanthus LacepMe was confirmed. The species was found to biochemically most related 
to subgenus Plitops, although the subgeneric status and subgeneric name has to be 
established. 
Two other species with unclear generic status, Centropyge multifasciatus (Smith and 
Radcliffe) and Apolemichthys arcuatus (Gray), were found to be in biochemical conformity 
with the current systematics. So the erection of Paracentropyge Burgess (Burgess, 1991) is 
notjustified, so is the placing of Apolemichthys arcuatus (Gray) into the genus Holacanthus 
by Pyle (Pyle, 1989c). 
The generic status of Pygoplites diacanthus (Boddaert) might have to be revised. Based 
on electrophoretic data this species is most related to members ofthe subgenus Pomacanthus. 
Pygoplites diacanthus might represent an intermediate form between Pomacanthus Lacepede 
and Holacanthus Lacepede, a hypothesis that requires confirmation in subsequent 
investigation. 
Special remark is given to the permanently sexually dichromatic genus, Genicanthus 
Swainson, whose morphological, nutritional, and electrophoretic characteristics are 
unparalleled by other pomacanthid genera. The deviation of the Genicanthus species from the 
majority of pomacanthids represents an advanced rather than primitive state of characters. 
Judging from these advanced characters the Genicanthus species are tentatively suggested to 
deserve having a subfamily of their own. 
Asjudged from the dendrogram obtained from both the FITCH and KITSCH analysis, the 
current systematics of the pomacanthids should be rearranged. The Pomacanthidae should be 
rearranged to contain three subfamilies, with one subfamily containing the genera 
Pomacanthus Lacepede, Holacanthus Lacepede, Chaetodontoplus Bleeker, and possibly 
Pygoplites Fraser-Brunner. The subfamily name of Pomacanthinae can be adopted as the 
genus Pomacanthus is contained in this subfamily. The second subfamily contains the genera 
Centropyge and Apolemichthys Fraser-Brunner. This subfamily can be named either as 
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Centropyginae or Apolemichthinae, however, the former name would be more appropriate as 
the Centropyge species form the major portion of this subfamily. The third subfamily 
contained only the genus Genicanthus Swainson, and should be named subfamily 
Genicanthinae. Such a three subfamily arrangement is believed to be a more appropriate 
approach to the systematics of the Pomacanthidae. 
Study ofthe pomacanthids has commenced as early as the 17th century. Restricted to the 
description of a few pomacanthid species and often associated with reports on expeditions, 
these studies laid the foundation of pomacanthid research. The course ofsystematic study of 
the family Pomacanthidae, however, has been difficult and chaotic due to a number of 
reasons. Recognition ofpomacanthid species has been difficult in the past when the biology 
of the family was unknown. Due to the presence of ontogenic dichromatism and sexual 
dichromatism, specimens ofthe same species at different ontogenic stages had been described 
as distinct species. This is reflected in the proliferation of species synonyms of the species 
which were first discovered and described (e.g. Pomacanthus imperator or P. semicirculatus). 
Furthermore, recording of morphology by hand paintings was sometimes inaccurate and 
misleading so that the description of a species with a wrong scientific name is common. It has 
been usual for systematic workers to overcome contradictory descriptions of pomacanthid 
species. Foundations of the modem scientific study of the pomacanthids was laid down by 
Fraser-Brunner (1933) and Smith (1955), who managed to draw a better picture of 
pomacanthid systematics from the messy and contradictory information available. The 
classical works on pomacanthid systematics has been most invaluable, though there exist few 
minor faults and different viewpoints with current systematic systems. It has been almost two 
decades that the last update of pomacanthid systematics was performed by Steene (1977) and 
Allen (1979). With the discovery of many new species and suggestion of pomacanthid 
systematics, it is imminent to reassess the systematics of the pomacanthids. A most recent, 
comprehensive revision of pomacanthid systematics is provided in this study. Although 
meristic descriptions of the species has been slightly touched, this report represents the result 
of much work and efforts and should be reliable until further major revision of the family 
takes place. 
Although known to be related to the chaetodontids, the phylogenetic relationships of the 
pomacanthids with other teleost families is still obscure. Through updating and revising the 
systematics of the pomacanthids on the one hand, and through genetic analysis of the 




W phylogenetics of the pomacanthids could be sketched. Research should also be extended to 
-W study the phylogenetic relationships ofthe pomacanthids with other teleost families, by that 
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Geographical distribution of individual pomacanthid species. 
Generic names are in bold face and italicised, while species names are indented and 
italicised. The genera are listed in alphabetical order regardless of sub-family ranks; and 
the individual species are listed in alphabetical order within a genus, regardless of 
subgeneric ranks. The geographical region in which each individual species inhabits is 
given, with the exact range for some restrictedly distributed species given in parenthesis. 
Species Range Reference 
Apolemichthys 
arcuatus Central Pacific Allen, 1979 
armitagei* Indian Ocean (Seychelles) Allen, 1979 
griffisi Central Pacific (Gilbert, Phoenix and Line Carlson and Taylor, 
Islands) 1981 
guezei Indian Ocean Allen, 1979 
kingi Eastem Atlantic (South Africa) Heemstra, 1984 
trimaculatus Indian, westem and central Pacific. Allen, 1979 
xanthopunctatus Tropical westem Pacific Allen, 1979 
xanthotis Indian Ocean (Red Sea) Allen, 1979 
xanthurus Indian Ocean Allen, 1979 
Centropyge 
acanthops Indian Ocean Allen, 1979 
argi Westem Atlantic Allen, 1979 
aurantius Tropical westem and central Pacific Allen, 1979 
aurantonotus Tropical westem Atlantic Allen, 1979 
bicolor Tropical westem and central Pacific Allen, 1979 
bispinosus Indian and Pacific Ocean Allen, 1979 
hoylei Central Pacific (Cook Islands) Pyle, 1992 
colini Indian Ocean (Cocos-Keeling Islands) Allen, 1979 
debelius Indian Ocean (Mauritius and Reunion) Pyle, 1990 
eibli Indian and westem Pacific Ocean Allen, 1979 
ferrugatus Westem Pacific Allen，1979 





Appendix A (continued) 
Species Range Reference 
Centropyge 
fisheri Central Pacific (Hawaiian Islands) Allen, 1979 
flavicauda Westem and central Pacific Allen, 1979 
flavipectoralis Indian Ocean (Sri Lanka) Allen, 1979 
flavissimus Tropical westem and central Pacific Allen, 1979 
heraldi Westem and central Pacific Allen, 1979 
hotumatua Central to eastem Pacific (Pitcaim and Allen, 1979 
Easter Islands) 
interruptus Westem Pacific (Southern Japan) Allen, 1979 
joculator Indian Ocean (Cocos-Keeling and Allen, 1979 
Christmas Islands) 
loriculus Westem and central Pacific (Island Groups) Allen, 1979 
multicolor Central Pacific (Island Groups) Allen, 1979 
multifasciatus Westem and central Pacific Burgess, 1991 
multispinis Indian Ocean Allen, 1979 
nahackyi Central Pacific (Johnson Atoll and Cook Kosaki, 1989 
Islands) 
narcosis Central Pacific (Cook Islands) Pyle and Randall, 
1992 
nigriocellus Central Pacific (Johnston and Line Islands) Allen, 1979 
nox Westem Pacific Allen, 1979 
potteri Central Pacific (Hawaiian Islands) Allen, 1979 
resplendens Central Atlantic (St. Helens/Ascension Allen, 1979 
Islands) 
shepardi Central Pacific (MarshallMarianas/Gilberts Allen, 1979 
Islands) 
tibicen Westem Pacific Allen, 1979 
vrolicki Westem and central Pacific Steene, 1977 
Chaetodontoplus 
hallinae Westem Pacific (Lord Howe Island) Allen, 1979 
caeruleopunctauts Westem Pacific (Philippines) Yasuda and 
Tominaga, 1976 
chrysocephalus Westem Pacific Allen, 1979 
conspicillatus Westem Pacific (Lord Howe and Solomon Allen，1979 
Is. to New Caledonia) 





Appendix A (continued) 
Species Range Reference 一 
Chaetodontoplus 
melanosoma Westem Pacific Allen, 1979 
meredithi Westem Pacific (Admiralty Islands, Francis and 
Queensland) Randall, 1993 
mesoleucus Westem Pacific Allen, 1979 
personifer Westem Pacific Allen, 1979 
septentrionalis Westem Pacific Allen, 1979 
Genicanthus 
bellus Indian Ocean and cent. Pacific (Cocos- Allen, 1979 
Keeling and Society/Tuamuto Is.) 
caudovittatus Indian Ocean Allen, 1979 
lamarck Indian Ocean and westem Pacific Allen, 1979 
melanospilos Westem and central Pacific Allen, 1979 
personatus Central Pacific (Hawaiian Islands) Allen, 1979 
semicinctus Westem Pacific (Lord Howe Island) Allen, 1979 
semifasciatus Westem Pacific Allen, 1979 
spinus Central Pacific (Pitcaim Islands) Allen, 1979 
watanabei Westem and central Pacific Allen, 1979 
Holacanthus 
africanus Eastem Atlantic (Cape Verde Islands and Allen, 1979 
West Africa) 
bermudensis Westem Atlantic Allen, 1979 
ciliaris Westem Atlantic Allen, 1979 
clarionensis Eastem Pacific (southern portion of the Sea Thomson et al., 
ofCortez) 1979 
limbaughi Eastem Pacific Allen, 1979 
passer Eastem Pacific Allen, 1979 
tricolor Westem Atlantic Allen, 1979 
venustus Westem Pacific Allen, 1979 
i 
Pomacanthus 
annularis Indian Ocean and westem Pacific Allen, 1979 
arcuatus Westem Atlantic Allen, 1979 
asfur Lidian Ocean (Red Sea) Allen, 1979 
chrysurus Indian Ocean (East Africa and Seychelles) Allen, 1979 
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Appendix A (continued) 
— — — ^ 
Species Range Reference 
Pomacanthus 
maculosus Indian Ocean Allen, 1979 
navarchus Westem Pacific Allen, 1979 
paru Westem and eastem Atlantic Allen, 1979 
semicirculatus Widely distributed (Indian Ocean, westem Allen, 1979 
and central Pacific) 
sexstriatus Westem Pacific Allen, 1979 
striatus Indian Ocean Allen, 1979 
xanthometopon Indian Ocean and westem Pacific Allen, 1979 
zonipectus Eastem Pacific Allen, 1979 
Pygoplites 
diacanthus Widely distributed (Indian Ocean, westem Allen, 1979 





Locations of the geographic names 
Geographic Name Range Location 
Admiralty Islands westem Pacific 2�10'S 147°E 
AruIslands westem Pacific ~ 6"S 134"30'E “ 
Ascension Islands 7astem Atlantic 7"57S 14 "22'W 
Austral Islands (Tubuai Islands) central Pacific 23"23'S 149"27'W 
Bahama Islands ^estem Atlantic 24 � 7 5 "W 
Belau ^cific, Micronesia T>Tl37"E 
Bonin (Ogassawara Islands) "westem Pacific 27 ^  142 °E 
Canarias Islands ^stem Atlantic 28"30'N 16"0'W 
Caribbean Sea " e^stem Atlantic 15 ^ 75 °W 
Carolines Islands (Micronesia) westem Pacific 8 � 1 5 0 ¾ 
Christmas Islands (Line Islands central Pacific 1 "58TSf 157"27'W 
gpQ 
Christmas Islands (Indian Indian Ocean 10"30'S 105 "40'E 
Ocean) 
Clarion Island ^stem Pacific 18"22'N 114"44'W 
Clipperton Island ^stem Pacific 10"17'N 109"13'W 
Cocos (Keeling) Islands Indian Ocean 12�10，S 96 "55'E 
Cook Islands eastern Pacific 一 10"18'N 109"13'W 一 
Dongsha Islands (Pratas westem Pacific 20"42'N 121"43'£ 
Islands) 
Durban westem Indian Ocean~"29"55'S 30"56'E 
Easter Islands ~^tQm Pacific _ 27^7S 109"22'W — 
East Indies Indian Ocean 15¾ 88¾ 
East London "eastern Atlantic ^3"S 27"55'E 
Fiji Islands central Pacific 17�20:S 170 °0'E 
Galapagos Islands eastem Pacific 0°91 °W 
Gilbert Islands (Micronesia) central Pacific 1 ^ 176¾ 
Great Barrier Reef ^stem Pacific 18 °S 146 "50'E 
Guam westem Pacific 13 "27'N 144 "45'E 
Hawaiian Islands central Pacific 20 "30'N 156 °0'W 
Izu Islands westem Pacific 一 34�30*N 140 °0'E 
Johnson Atoll "^ral Pacific 16"457^ J 169"30W ~" 
Kapingamarangi (Caroline central Pacific l^ OW 154 46'E 
Islands) 
Knysna eastem Atlantic 34"02'S 23"Q2'E — 
Line Islands westem Pacific 0"05TSr 157°W 
Lord Howe Islands westem Pacific 31 "33'S 159 "6'E — 
Madang QSfew Guinea) "westem Pacific 5"l5'S 145"50'E 
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Appendix B (continued) 
Geographic Name Range Location 
Mariana Islands (Micronesia) "westem Pacific 13¾ 145¾ “ 
Marquesan Islands central Pacific 9¾ 139"3Q'W 
Marshall Islands central Pacific 9TSf 168°E 
Micronesia "^estem Pacific 9 T^J 150 °E 
Midway Island Antral Pacific 28"12'N 177"23'W 
Natal Indian Ocena Q"33'N 99"07,E 
Nauru ^estem Pacific "O^S 166"55'E 
New Caledonia ~"south westem 21"30'S 165"30'E 
Pacific 
New England "^stem Pacific 46"32'N 132"34'E 
New Hebrides (Vanuatu) "^estem Pacific 15 "S 168 °E 
Norfolk Islands "^estem Pacific 29"02'S 167"57'E 
Phoenix Islands —central Pacific 3 "30'S 172 °0'W 
Pitcaim Islands —east-central Pacific ^5 "5'S 130 "5'W 
Raivavae (Austral Islands) "central Pacific 23"53'S 147"40'W 
Rapa Island ^tra l Pacific 27"36'S 144"20'W 
Rarotonga Island Antral Pacific 21"14'8 159"46'W 
Reunion Island ^ s t . Indian Ocean 21�06’S 55"36'E 
Revillagigedos Islands "east.-central Pacific l5"35'N 13T23'W 
Rio de Janeiro "^stem Atlantic 22"54'S 43"14'W 
Rowley Shoals lastem Pacific 7Q"16'N 77"65'W 
Ryukyu Islands "westem Pacific ~Y6 ^  126 "E 
San Blas Pennisula " ^ ^ m Atlantic 9�32，N 79°4，W 
St. Helena Island east.-central Atlantic 15 "55'S 5 "44'W 
Senegal eastemAtlantic — 15"48'N 16"32'W 
Seychelles Indian Ocean 5 °S 56 °E 
Society Islands central Pacific “ 17 "S 151 "W 
Solomon Islands westem Pacific _ 6 °S 155 "E-10"S, 160¾ 
Sri Lanka Indian Ocean 7 "30'N 80 "50'E 
Tahiti central Pacific 17"37S 149"27W 
Tanabe Bay (southern Japan) westem Pacific 34�49’N 135�46'E — 
Tongaat (South Africa) "^^Indian Ocean 29"37S 31�03’E 
Tuamotu Islands central Pacific 17 "S 144 "W — 
Vanuatu QSfew Hebrides) westem Pacific 15¾ 168¾ 
Vanuatu westem Pacific 16"S 167¾ 
Virgin Islands west, central 18"20'N 64"50'"E 
Atlantic 
Yaeyamas westemPacific "24"20'N 124"E 
Yap Island (Micronesia) westem Pacific 9"30'N 138"10'E 
Zanzibar Indian Ocean 6 "12'S 39 "12'E 
215 
. 應 . 
^ ^ 
Appendix C 
Full names ofthe references listed in the taxonomic part ofthe text. 
Ann. Mag. Nat. Hist.: The Annals and Magazine ofNatural History 
Ann. N.Y. Acad. Sci.: Annals of the New York Academy ofScience 
Ann. S. Afr. Mus.: Annals, South Africa Museum 
Arch. Neerl.: Archives Neelandises de Zoologie. Leiden. 
Atlas Ichth. Ind. Neerl. : Atlas ichthyologique des Indes orientales neerlandaises, publie 
sous les auspices du gouvemement colonial neerlandais. 
Bull. Amer. Mus. Nat. Hist.: Bulletin, American Museum ofNatural History 
Bull. Biogeogr. Soc. Jpn.: Bulletin, Biogeographical Society ofJapan 
Bull. Br. Mus. Nat. Hist. (Zool.) : Bulletin, British Museum OS[atural History), Zoology 
Bull. Inst. Zool. Academia Sinica : Bulletin of the Institute of Zoology, Academia 
Sinica 
Bull. Mar. Sci.: Bulletin ofMarine Science. 
Bull. Mus. natn. Hist. Nat. Paris.: Bulletin du Museum d'histoire naturelle. 
Bull. U.S. Bur. Fish.: Bulletin ofthe U.S. Bureau ofFisheries (1904-1940). 
Bull. U.S. Fish Comm.: Bulletin ofthe U.S. Fisheries Commissioner (1881-1903). 
Bull. U.S. Nat. Mus.: Bulletin of the U.S. National Museum. 
Bull. Vanderbilt Mus.: Bulletin of the Vanderbilt Marine Museum. 
Butterfly and angelfishes of the world: Butterfly and angelfishes of the world, vols. 1 
and 2，Mergus Publishers, Melle, Germany, 1977，1979. 
Caroli a Linne, Systema naturae : Caroli Linne Systema naturae per regna tria nature: 
secundum classes, ordines, genera, species, cum charateribus, differentiis, 
synonymis, locis (1875-1879). 
Catalogue ofthe Acanthopterygian fishes in the British Museum 
Cat. Fish. Gronow : Catalogue of fish collected and described by Laurence Theodore 
Gronow, now in the British museum, 1854. 
Checklist of Fishes : Checklist of Fishes, Jordan, Evermann and Clark, Eric Lundberg, 
Maryland, 1962 
Contri. Sci. Los Angeles County Mus. : Natural History Museum of Los Angeles 





• Appendix C (continued) 
I 
Cruise 'Curacao' Brenchy : Jottings during the cruise of H.M.S. Curacoa among the 
South Sea Islands in 1865 
Descript. Animal.: Descriptiones animalium: avium, amphibiomm, piscium, insectorum, 
vermium, quae in itinere orientali observatit. Forsskal, P. Ex Officina Molleri, 
Aulae Typographi, Ed. Carstan, N., Hauniae (Copenhagen), 1775,164 pp. 
Encycl. Meth.: Encyclopedie methodique. Paris. 
Fishes of India : The Fishes of India: being a natural history of the fishes known to 
inhabit the sea and fresh waters of India, Burma, and Ceylon. William Dawson, 
London, 1958. 
Fish. Indo-Austral. Archipelago.: The fishes of Indo-Australian. Archipelago, Leiden. 
Fresh. Mar. Aqu.: Freshwater and Marine Aquarium Magazine, U.S. 
Hist. Nat. Poiss.: Histoire Naturelle de Poissons, Laurault, Paris. 
Ichthyol.: Ichthologica, the Aquarium Joumal 
Inst. Oceanography, Nat. Taiwan Univ. Spec. Publ.: Special Publications, Institute of 
Oceanography, National Taiwan University. 
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of Economic Affairs, National Taiwan University. 
Rep. U.S. Fish. Comm.: Report of the United States Commissioner of Fisheries, 
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Spec, publ. Smith Inst. Ichth. : Special Publications (LL.B. Smith Institute of 
Ichthyology). 
Synopsis : Synopsis der Fishes des Rothen Meeres, Wheld. and West. Ltd. 
Syst. Ichth.: Systema Ichthyological., Historiae naturalis classica; 55, Wheld and West. 
Co., 584pp, llOpls, 1901. 
The fishes of Zanzibar : The fishes of Zanzibar, by Playfair, L. (Acanrthopterygii) and 
Gunther, A.C.L. (Pharyngognathi, etc.)，1828-1899, John Van Voorst, London. 
Nat. Hist. Fishes.: The Natural History of Fishes, Amphibians and Reptiles or 
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(1) Computer program modified from Cao (1988) for 
calculating the von Bertalanffy parameters (© Cao, 1988) 
10 CLS 
15 DIM A(150), B(150), Al(150), Bl(150), Z(6, 800)，C$(6) 
20 PRmX "WELCOME TO THE FISH LENGTH CALCULATION PROGRAM" 
25 PRflSTT 
30 JNPm "DO YOU WANT TO DSfPUT THROUGH SCREEN (Y/N) ？”，CH$ 
35 IFCH$ = "Y"THEN60 
36 IF CH$ = "y,, THEN 60 
40 GOSUB2110 
50 GOTO 150 
60 GOSUB 1810 
150 LPRmT "NAME OF FISH : ", N2$ 
155 LPFONT "ORIGmAL DATA :” 
160 LPRESrr "L(I+1):"; 
170 FOR I = 1 TO N 
180 LPRnSfT TAB(10 * I); B(I); 
190 NEXT I 
200 LPRmX 
210 LPRES[T "L(I):"; 
220 FOR I = 1 TO N 
230 LPRESfT TAB(10 * I); A(I); 
240 NEXT I 
250 LPRES[T 
260 LPRmX 
270 GOSUB 1610 
280 LL = C / (1 - B) 
290 L = n^T(LL * 10000 + .5) / 10000 
300 KK = -LOG(B) 
310 K = rSTT(KK * 10000 + .5) / 10000 
320 FORI=l TON 
330Al(I) = A(I) 
340 Bl(I) = B(I) 
350NEXTI 
i 360AlGSf+l) = B W 
t 
t 370N = N + 1 
S 380 FOR I = 1 TO N conL. 
I 22。 
• 
Appendix D (continued) 
390 B(I) = LOG(LL - Al(I)) 
400 A(I) = I 
410NEXTI 
420 GOSUB 1610 
430 TOO = (C - LOG(LL)) / (-B) 
440 T01 = mT(TOO * 10000 + .5) / 10000 
520WW = A2*LL^B2 
530 w = Esrr(ww * ioooo + .5) /10000 
540 LPRE^T "nsr THE FORMULA: W=A*L^B "; 
550 LPFONT TAB(30); "A="; A2; TAB(55); "B="; B2 
560 LPJONT 
570 LPRmX "CALCUTATED RESULTS :”； 
580 LPREvJT TAB(30); "L-inf^ "; L; TAB(55); "W-inf="; W 
585 LPRESfT TAB(30); "K="; K; TAB(55); "TO=”; T01 
590 LPRmT 
600 C$(1) = "Lt" 
610 C$(2) = "Wt" 
620 C$(3) = "dL/dt" 
630 C$(4) = "dW/dt" 
640 C$(5) = "d 2^L/dt^ 2" 
650 C$(6) = "d 2^W/dt^ 2" 
655 nS[PUT "HOW MANY YEAR OF ITERATIONS : "; N5 
660 FORI = OTON5*4 
670T = .25*I 
680 LT = LL * (1 - EXP(-KK • (T - TOO))) 
690 Z(l,I) = LT 
700 WT = WW * (1 - EXP(-KK * (T - TOO))) ^ 3 
710 Z(2,1) = WT 
720 VBL1 = LL * KK • EXP(-KK • (T - T00)) 
730 Z(3,1) = VBL1 
740 VBW1 = 3 * WW * KK * EXP(-KK * (T _ TOO)) * (1 - EXP(-KK * (T - TOO)))八 2 
750 Z(4,1) = VBW1 
760 VBL2 = -LL » KK ^  2 » EXP(-KK • (T - TOO)) 
770 Z(5,1) = VBL2 
780 VBW2 = 3 » WW * KK 八 2 • EXP(-KK * (T - T00)) * (1 - EXP(-KK * (T _ TOO))) * (3 * EXP(-KK 
*(T-TOO))-l) 
790 Z(6,1) = VBW2 
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810 LPRBSTT "FUNCTION" 
820 LPRmX "NAME"; TAB(12); "TO"; TAB(24); "Ti-0.75"; TAB(36); "Ti-0.5"; TAB(48); 
830 LPRmT "Ti-0.25"; TAB(60); "Ti-0"; TAB(72); "Ti" 
840 LPFONT 
850 F 0 R I = l T 0 6 
860 LPFONT C$(I); 
870 J2 = 12 
880 FORJ = 0TO4 
890 LPRmT TAB(J2); mT(Z(I, J) • 100 + .5) / 100; 
900 J2 = J2 + 12 
910NEXTJ 
920 LPRmX TAB(73); T 
930 FORJ=l T0 9 
940 J2 = 24 
950 F O R J l = J * 4 + l T O ( J + l ) * 4 
960 LPRflSfT TAB(J2); nSfT(Z(I, J1) • 100 + .5) / 100; 
970 J2 = J2 + 12 
980 NEXT J1 
990 LPRflSfT TAB(72); J + 1 
1000 NEXT J 
lOlONEXTI 
1015 LPRmX CHR$(12) 
1020 GOSUB 2500 
1025 STOP 
1039 FOR I = 1 TO 6 
1040 GOSUB 1290 
1050 PFONT "mPUT THE DISPLAY FACTOR and UNIT OF FUNCTION ----- SCAL and Ml"; 
1060 nSfPUT SCALE, Ml 
1070 COX = Z(I, 0) » SCAL + 250 
1080 W COX > 640 OR COX < 0 GOTO 1040 
1090 COY = 30 
1100 GOSUB 1540 
l l lOFORJ=l T0 40 
1120P = Z(I,J)*SCAL 
1130 COXl=250 + P 
1140 W COXl > 640 OR COXl < 0 GOTO 1040 
1150 COYl=COY + 3.5 
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1170 COX = COXl 
1180 COY = COYl 
1190NEXTJ 
1200 PRmX "IS THE VALUE OF FACTOR OR UNIT SUITABLE? Y/N" 
mom?m c$ 
1220 PIONT 
1230 IF C$ = "Y" THEN 1270 
1240 PRmX ' W U T THE SUITABLE VALUE OF FACTOR OR UNIT AGADSf PLEASE." 
1250 CLS 
1260 GOTO 1040 
1270 NEXT I 
1280 END 
1290 SCREEN 2，0 
1300 CLS 
1310KEY OFF 
I' 1320 DRAW "BM0,30" 
1330 DRAW "R530" 
* 1340 DRAW "BM250,30" 
1350 DRAW "D148" 
1360 DRAW "BM250,190" 
1370D1=7 
1380 D2 = -7 
1390 D3=0 
1400 DRAW "TA=Dl;NU12" 
1410 DRAW "TA=D2; NU12" 
1420 DRAW "BM247,178; TA=D3;NR7" 
1430 DRAW "BF2" 
1440 DRAW "Pl,3" 
1450 DRAW "BM545,30" 
1460D1=70 
� 1470 D2 = 20 
‘ 1480 DRAW "TA=Dl;NU8" 
.¾ 
1490 DRAW "TA=D2;NL19" 
1500 DRAW "BM527,27;TA=D3;ND6" 
； 1510 DRAW "BF2" 
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- 1550UNE0^1，30HN1，33) 
1560 NEXTN1 
1570 F0RN1 = 30 TO 170 STEP 14 




1620 S2 = 0 
1630T1=0 
1640 T2 = 0 
1650 F O R I = l T O N 
1660Sl = Sl+A(I) 
1670 S2 = S2 + B(I) 
1680 T l=Tl+A(I )*B(I ) 
1690T2 = T2 + A(I)*A(I) 
1700 NEXT I 
1710Q = S l / N 
1720R = S 2 / N 
1730 B = (T1 - N * Q * R) / (T2 - N * Q * Q) 
1740C = R - B * Q 
1750 RETURN 
1810 ESTPUT "NAME OF FISH = "; N2$ 
1820 ESfPUT "THE GROUP NUMBER OF DATA. N="; N 
1830PRmXN 
1850 F O R I = l T O N 
1860 PRENJT "ESJPUT THE DATA L(I) and L(I+1) UNTIL I=N OR I="; N; "NOW I="; I 
1870mPUTA(I), B(I) 
1880 PFONT "IS THE DATA CORRECT? Y/N"; 
1890nmJTCH$ 
1900 PFONT 
1910 IF CH$ = "Y" THEN GOTO 1940 
1920 PRmX "nSTPUT THE CORRECT DATA AGAD^ J PLEASE." 
1930 GOTO 1870 
1940 NEXT I 
1950 PRmT ,WPUT THE COEFFICIENT OF a and b m THE FORMULA W=a*L^b." 
1960 mPUT A2, B2 
1970 PRESfT "IS THE VALUE OF a and b CORRECT? Y/N"; 
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1990 IF C$ = "Y" THEN 2020 
2000 PRmX 'TOPUT THE CORRECT VALUE OF a and b AGAm PLEASE." 
2010GOTO 1960 
2020 RETURN 
2110 nS[PUT 'TOPUT THE NAME OF DATA FILE PLEASE (.TXT) : "，N1$ 
2115N2$ = Nl$ + ".TXT" 
2116N3$=Nl$ + ".OUT" 






2190 IF A(I) <= 0 THEN 2250 
2200 IF I = 1 THEN 2230 
2210J = I - 1 
2220 B(J) = A(I) 
2230 I = I + 1 
2240 GOTO 2180 
2250 CLOSE #1 
2260 N = I - 2 
2270 CLS 
2280 PRmT "YOUR DATA ARE AS FOLLOWmGS :" 
2290 PRmX "NAME OF FISH = ", N2$ 
2300 PRmT "A = "; A2, "B = "; B2 
2310PRmX 
2320 PRESrr ”N = "; N 
2330 PmNT 
2335 J1=0 
2340 F 0 R I = 1 TON+1 
2350 PRmT TAB(J1 • 20); "A("; I; ") = "; A(I); 
2360 IF J1 <= 4 THEN 2380 
2365 PRINT 
2370 J l=-1 
2380 J1=J1 + 1 
2390 NEXT I 
2400 nsrPUT "ARE THEY CORRECT (Y/N) ？ "，CH$ 
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2500 REM OUTPUT THE DATA TO A FU.E 
2510 OPEN N3$ FOR OUTPUT AS 2 
2511 PRnS[T#2, N2$ 
2512PRmT#2, "Age,"; 
2513FORJl = 1 T0 6 
2514PRmX #2，C$(J1), ","; 
2515NEXTJ1 
2520 PRmT #2,““ 
2521 F O R I = l T O N 5 * 4 
2 5 2 2 I l = I / 4 
2523 PRmT #2,I l ;V; 
2525 FOR J1 = 1 TO 6 
2570 PRflSfT #2, mX(Z(Jl, I) • 100 + .5) / 100;"，"； 
2580 NEXTJ1 
2585 PRJNT#2,"" 
2600 NEXT I 
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Appendix D 
(2) Modified Version of the Computer Program 
(GENDIST) for calculating Genetic Distance 
© Copyright 1993 by Joseph Felsenstein. 
#include "phylip.h" 
/* version 3.56c. (c) Copyright 1993 by Joseph Felsenstein. 
Written by Joseph Felsenstein, Akiko Fuseki, Sean Lamont, and Andrew Keeffe. 
Permission is granted to copy and use this program provided no fee is 
charged for it and provided that this copyright notice is not removed. */ 
#defme DEBUG 0 
#define namelength 10 /* number of characters max. in species name */ 
#defme epsilon 0.02 /* a small number */ 
#define ibmpcO false 
#defme ansiO true 
#defme vt520 false 
typedef double *phenotype; 
typedef Char naym[namelength]； 
Static FILE *infile, *outfile; 
Static short numsp, loci, totalleles, df, datasets, ith; 
Static short *alleles; 
Static phenotype *x; 
Static double **d; 
Static naym *nayms; 
Static boolean all, cavalli, lower, nei, own, reynolds, mulsets, ibmpc, 
vt52, ansi, firstset, progress; 


















printf("%s: can't read %s\n",application,file); 
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while (file[0] =='\0'){ 




case V : 
printf("%s: can'twrite %s\n",application,file); 
file[0] = '\0'; 
while (file[0] ==’\0,){ 











Static Void uppercase(ch) 
Char *ch; 
{ /* convert a character to upper case ~ either ASCII or EBCDIC */ 
*ch = (islower(*ch) ？ toupper(*ch) : (*ch)); 
} /* uppercase */ 
void getnums() 
{ 
/* read number of species and loci for first data set */ 
fscanf(infile, "%hd%hd", &numsp, &loci); 
} /* getnums */ 
void getoptions() 
{ 
/* interactively set options */ 
Char ch; 
boolean donel; 
all = false; 
cavalli = false; 
lower = false; 
nei = true; 
reynolds = false; 
lower = false; 
own = false; 
progress = true; 
for (；；) { 
printf(ansi ？ "\033[2J\033[H": 
vt52 ？ "\033E\033H" : "\n")； 
printf("\nGenetic Distance Matrix program, version %s\n\n",VERSION); 
printfrSettings for this run:\n"); 
printff A Input file contains all alleles at each locus? %s\n", 
all ？ "Yes" : "One omitted at each locus")； 
printf(" N Use Nei genetic distance? %s\n", 
nei ？ "Yes" : "No"); 


















































































































































































































































































































































































































































































































































































































































































Appendix D (continued) 
case 'L': 
lower = !lower; 
break; 
case 'M': 
mulsets = !mulsets; 
if (mulsets) { 
； i donel = false; 
B do{ 
printf("How many data sets?\n"); 
scanf("%hd%*[^ \n]", &datasets); 
getchar(); 
donel = (datasets >= 1); 
if(!donel) 
printf("BAD DATA SETS NUMBER: it 
must be greater than lW); 




if (ibmpc) { 
ibmpc = false; 
vt52 = true; 
} else { 
: if(vt52) { 
vt52 = false; 
ansi = true; 
} else if (ansi) 
ansi = false; 
else 








printf("Not a possible option!\n"); 
} 
putchar('\n'); 
} /* getoptions */ 
void doinit() 
{ 
/* initializes variables */ 
short i; 
getnums(); 
X = ft)henotype *)Malloc(loci*numsp*sizeof(phenotype)); 
d = (double **)Malloc(numsp*sizeof(double *)); 
no_ind = (short **)Malloc(numsp*sizeof(short *)); 
for (i = 0; i < (numsp); i++) { 
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} 
for (i = 0; i <= (numsp); i++) { 
} no_ind[i] = (short *)Malloc(numsp*(loci)*sizeof(short)); 
alleles = (short *)Malloc(loci*sizeof(short)); 
getoptions(); 
} /* doinit */ 
void getalleles() 
{ 
short i，cursp, curloc; 
if(!firstset) { 
if(eobi(infile)) { 
fscanf(infile, "%*[^ \n]")； 
getc(infile); 
} 
fscanf(infile, "%hd%hd", &cursp, &curloc); 
if (cursp != numsp) { 




loci = curloc; 
} 
totalleles = 0; 
fscanf(infile, "%*[^ \n]"); 
getc(infile); 
for (i = 0; i < (loci); i++) { 
if(eobi(infile)) { 
fscanf(infile, "%*[^ \n]")； 
getc(infile); 
} 
fscanf(infile, "%hd", &alleles[i]); 
totalleles += alleles[i]; 
} 
df = totalleles - loci; 
} /* getalleles */ 
void getdatal() 
{ 
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} /* getdatal */ 
void getdataO 
{ 
/* read allele frequencies */ 
short i, j, k, m, n, p; 
double sum; 
printf("get dataW,); 
for (i = 0; i < numsp; i++) 
x[i] = ODhenotype)Malloc(totalleles*sizeof(double)); 
for (i = 1 ； i <= (numsp); i++) { 
fscanf(infile, "%*[〜]”)； 
getc(inflle); 
for ^  = 0; j < namelength; j++) 
nayms[i - 1朋=getc(infile); 
‘ m = 1; ； P=1; 
： fora = l;j<=(loci);j++){ 
“^  sum = 0.0; 
I if(all) 
； n = alleles^ - 1]; 
, else 
•« n = allelesO-l]-l; 
I for(k=l;k<=n;k++){ 
I' if(eoki(infile)) { 
fscanf(infile, "%*[^ \n]"); 
getc(infile); 
} 
fscanf(infile, "%lf, &x[i - l][m -1]); 
printf("x[%d][%d]=%lf\n",i-l,m-l,x[i-l][m-l]); 
sum += x[i - l][m- 1]; 
i f (x[ i - l ] [m- l ]<0 .0){ 
printf("\nLOCUS%3hd DS[ SPECIES%3hd: AN ALLELE",j, 
i); 





I if (all && fabs(sum - 1.0) > epsilon) { I printf("VnLOCUS%3hd ES[ SPECffiS%3hd: FREQUENCffiS DO NOT 1 ADD UP TO lW, 墨 j， i); ： exit -l ;-丨 } if(!all) { x [ i - l ] [m- l ] = 1.0-sum; : i f("!all x[%d][%d]=%lfVn",i-l,m-l,x[i - l][m -1]); cont.... i E 232 
¥ 
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if (x[i - l][m -1] < -epsilon) { 
printf("\nLOCUS%3hd m SPECIES%3hd: "j,i); 







} /* getdata */ 
void getinput() 
{ 




} /* getinput */ 
void makedists() 
{ 
short i, j, k,l,a; 






for (i = 0; i < (numsp); i++) 
d[i][i] = 0.0; 
for (i = 1 ； i <= (numsp); i++) { 
printf(" main loop i=%hd\n",i); 
fora = 0; j<=i -2; j++){ 
printf(" main loopj=%hd\n",j); 
if(nei) { 
s l=0.0; 
s2 = 0.0; 
s3 = 0.0; 
for (k = 0; k < (totalleles); k++) { 
printf("x[%d][%d]=%lf, y[%d][%d]=%lf\n",i-1 ,k,x[i - l][k], 
j,k,xD][k]); 
sl+=x[i-l][k]*xD][k]; 
TEMP = x[i - l][k]; 
s2 += TEMP * TEMP; 
TEMP = xO][k]; 
s3 += TEMP * TEMP; 
} 
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：“ if(sl <= l.Oe-20) 
d[i-l]D] = -1.0; 
else 
d[i - l]D] = -log(sl / sqrt(s2 * s3)); 
^ printf("**** nei res %hd, %hd, %lf ******\n"，i-l，j，d[i _ 1]出)； 
if (own) { 
sl=0.0; 
s2 = 0.0; 
s3=0.0; 
sl0 = 0.0; 
s l l=0.0; 
printf("Start own start i=%hd\n",i); 
for (k = 0; k < (totalleles); k++) { 






printf("Start s2 i=%hd\n",i); 
for (l=0;l<loci;l++) { 
printf("alleles[%hd]=%hd\n",l,alleles[l]); 
for (a=0;a<alleles[l];a++) { 
TEMP = x[i-l][k]; 
^fDEBUG 
printf("s2 TEMP=%lf, sq TEMP=%lf\n",x[i-
l][k],TEMP*TEMP); 
#endif 











printf("loci %hd, slO=%lf\n",l,slO); 
#endif 
} 
printf("fmal slO = %lM",slO); 
k=0; 
printf("Start s3 j=%hd\n"j); 
for(l=0;l<loci;l++){ 
printf("alleles[%hd]=%hd\n",l,alleles[l]); 
for (a=0;a<alleles[l];a++) { 
TEMP = xD][k]; 
#ifDEBUG 
printf("s3 TEMP=%lf, sq 
TEMP=%lf\n",xD][k],TEMP*TEMP); 
#endif 
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#ifDEBUG 





printf("loci %hd, sl 1 = %lf\n"，l，sl 1); 
#endif 
} 
printf("Final sl 1 = %lf\n",sl 1); 
if(sl0<=1.0e-20) 
d[i-l]U] = -1.0; 
else { 
d[i - \]U] = -log(sl / sqrt(slO * sl 1)); 




dD][i-l] = d[i-l]D]; ； } } 
} /* makedists */ 




fi)rintf(outfile, "%5hd\n", numsp); 
for (i = 0; i < (numsp); i++) { 
for Q = 0; j < namelength; j++) 
putc(nayms[i]U], outfile); 
if (lower) 
k = i; 
else 
k = numsp; 
forO = l;j<=k;j++){ 
Q)rintf(outfile, "%8.4f', d[i]U -1]); 




？ } ‘ if O>rogress) 
,•. printf("Distances written to file\n\n"); 
} /* writedists */ 
^ I 




^rintf(outfile, "%5hd\n", numsp); 
for (i = 0; i < (numsp); i++) { 
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if (lower) 
k = i; 
else 
k = numsp; 
forO = l ; j<=k;j++){ 
Q)rintf(outfile, "%8.4f, (l/exp(d[i]D -1]))); 






printf(" l/Exp(d) write to o file\n\n"); 
} /* write_I */ 
void main(argc, argv) 
int argc; 
Char *argvn; 
{ /* main program */ 
char infilename[ 100] ,outfilename[l 00]； 
#ifdefMAC 
macsetup("Gendist",""); 




“ ibmpc = ibmpcO; 
ansi = ansiO; 
vt52 = vt520; 
mulsets = false; 
firstset = true; 
datasets = 1 ； 
doinit(); 
nayms = (naym *)Malloc(numsp*sizeof(naym)); 
� for (ith = 1 ； ith <= (datasets); ith++) { 
c getinput(); 
�: firstset = false; 
： if ((datasets > 1) && progress) 
i printf("\nData set # %hd:\nW，ith); 
'承. � makedists(); 










1 i n t eof(f) 
FILE *f; 
{ 
register int ch; 
cont".. 
236 
1 S Appendix D (continued) 
S if(feof(f)) 
J return 1; 
I if(f== stdin) 
retum 0; 
ch = getc(f); 








register int ch; 
> 
i ch = getc(f); 
j if(ch = EOF) 
I retum 1 ； 
^ ungetc(ch, f); 
i return (ch == V) ; i ‘ 
I void memerrorO 
f ( 






long X; ； { 
； MALLOCRETURN *mem; 
: mem = (MALLOCRETURN *)malloc(x); 
5 if (!mem) 
� memerror(); 
t else 





？ S Appendix E 
A summary of the Staining Methods Employed. 
-4： 
' The enzymes studied are listed in alphabetical order, with the abbreviation (in 
parenthesis) and E.C. number given. The amount ofchemicals refers to that used per gel. 
The agar used in overlaying was boiled and cooled to 45°C before used. MTT: 3-(4,5-
dimethyl-thiazolyl-2)-2,5-diphenyltetrazolium bromide, NAD: nicotinamide adenaine 
dinucleotide, NADP: nicotinamide adenine dinucleotide phosphate, PMS: N-
methyldibenzopyrazine methyl sulphate. 
Adenylate kinase (AK) 2.7.4.3 
1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
2. NADP (disodium salt): 7.5 mg， 
3. MgCl2, 0.2M: 1 ml, 
4. glucose: 40 mg in 1 ml water, 
5. ADP (disodium salt): 10 mg, 
6. hexokinase: 85 U, 
7. glucose-6-phosphate dehydrogenase: 40U, 
8. MTT: 2.5 mg in 0.5 ml water, 
： 9. PMS: 2.5 mg in 0.5 ml water, 
； 10. agar (2%): 15ml. 
Aldolase (ALD) 4.1.2.13 
1. Trisy^ Cl buffer 50mM, pH 8.0: 15 ml, 
2. fructose 1,6 diphosphate (trisodium salt): 100 mg, 
3. NAD: 20 mg， 
4. sodium arsenate: 60 mg, 
5. glyceraldehyde-3-phosphate dehydrogenase: 80 U, 
6. MTT: 7.5 mg in 1.5 ml water, 
�‘ 7. PMS: 2.5 g in 0.5 ml water, 
8. Agar (2%): 15 ml. 
wi." 
f Alkaline phosphatase (ALP) 3.1.3.1 
\ 1. 0.06 M Borate buffer pH 7.9: 15 ml 
1 2. P-Naphthyl phosphate (sodium salt): 7.5 mg 
i 3. MgSO4.7H2O: 18mg 
"• 4. Fast Blue B salt: 7.5 mg 
J 5. Agar (2%): 15ml. 
% 
I Glucose-6-phosphate dehydrogenase (GDH) 1.1.1.49 
I 1. Tris/HCl buffer 50 mM, pH 8.0: 15 ml, 
I 2. glucose-6-phosphate (disodium salt): 40 mg, 
I 3.MgCl2O.2 M:5ml, 
I 4. NADP (disodium): 5 mg in 1 ml water, 
5. MTT: 7.5 mg in 1.5 ml water, 
6. PMS: 5 mg in 1 ml water, 





Appendix E (continued) 
Glucose-6-phosphate isomerase (GPI) 5.3.1.9 
1. TrismCl buffer 50 mM, pH 8.0: 15 ml, 
2. glucose-6-phosphate dehydrogenase: 50 U, 
3. D-fructose-6-phosphate: 75 mg, 
4. NADP (disodium): 10 mg, 
5.MgCl2O.2 M: 2 ml, 
6. MTT: 5 mg in 1 ml water, 
7. PMS: 5 mg in 1 ml water, 
8. agar (2%): 15ml. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 1.2.1.12 
1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
2. DL-glycerol-3-phosphate (disodium salt, pentahydrate): 485 mg, 
3. Sodium pyruvate: 150 mg, 
4. NAD: 15 mg, 
5. sodium arsenate: 35 mg, 
6. MTT: 5 mg in 1 ml water, 
7. PMS: 5 mg in 1 ml water， 
. 7. agar (2%): 15ml. 
看 Isocitrate dehydrogenase (IDH) 1.1.1.42 
1 
I 1. Tris-HCl buffer 50 mM，pH 8.0: 15 ml, 
,f 2. isocitrate (trisodium salt) 0.1 M，pH 7.0 (2.58g/100 ml water, adjusted to pH 
t 7.0 with 1 N HC1): 8 ml, 
3. NADP (disodium): 15 mg, 
.: 4. MgCl2 (0.2 M): 1 ml, 
' 5. MTT: 5 mg in 1 ml water, 
f 6. PMS: 5 mg in 1 ml water, 
： 7. agar (2%): 15ml. .^ 
一 
Lactate dehydrogenase (L) (LDH) 1.1.1.27 
‘ 1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
2. L-lactate (calcium salt): 75 mg, 1 3 . NAD: 8 mg, 
4. MTT: 5 mg in 1 ml water, 
5. PMS: 5 mg in 1 ml water, 
I 6. agar (2% ): 15ml. 
Malate dehydrogenase (MDH) (1.1.1.37) 
1. L-malic acid: 200 mg in 15 ml O.lM Tris/HCl buffer pH 8.0 [50mM], pH then 
adjusted to 8.0， 
2. NAD: 10 mg, 
3. MTT: 7.5 mg in 1.5 ml water, 
4. PMS: 5 mg in 1 ml water, 




竺琶 Appendix E. (continued) 
M'm 
醒• I ； Malic enzyme (ME) (1.1.1.40) 
IM 
，• 1. L-malic acid: 150 mg dissolved in 15 ml 0.1 M Tris/HCl buffer, pH 7.0. pH 
-» readjusted to pH 7.0 with NaOH， 
！ : 2. MgCl2, 0.2 M: 2.5 ml, 
3. NADP (disodium): 5 mg, 
:- 4. MTT: 5 mg in 1 ml water, 
5. PMS: 5 mg in 1 ml water, 
- 6. agar (2%): 15ml. 
1 二 II Phosphoglucomutase (PGM) 2.7.5.1 
|家 
I} 1. Trisy^ Cl buffer 0.05M, pH 8.0: 15 ml, 
:^  2. glucose-1 -phosphate (disodium): 50 mg, 
3. glucose-1,6-diphosphate: 5 mg, 
4. MgCl2, 0.2 M: 2 ml, 
5. glucose-6-phosphate dehydrogenase: 20U, 
6. NADP (disodium): 5 mg, 
二 7. MTT: 5 mg in 1 ml water, 
8. PMS: 5 mg in 1 ml water, 
： 9. agar (2%): 15ml. 'it 
tPhosphogluconate (6-)Dehydrogenase (6-PGDH or PGD) 1.1.1.44 
j 1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
i 2. NADP (disodium salt): 15 mg, 
I 3. MgCl2, 0.2 M: 5 ml, 
J 4. MTT: 5 mg in 1 ml water, 
4 5. PMS: 5 mg in 1 ml water, 
f 6. 6-phosphogluconate trisodium: 10 mg, 
i 7.agar(2%): 15ml. 
f Pyruvate kinase (PK) 2.7.1.40 
I 1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
, 2. phosphoenolpymvate (trisodium): 50 mg, 
3. ADP: 5 mg, 
4. MgCl2, 0.2M: 0.25 ml, 
5. NADP (disodium): 20 mg, 
6. glucose: 30 mg, 
7. KC1 1 mM (75 mg/ml): 1 ml, 
8. hexokinase: 200U, 
9. glucose-6-phosphate dehydrogenase: 200U. 
Superoxide dismutase (SOD) 1.15.1.1 
1. Tris-HCl buffer 50 mM, pH 8.0: 15 ml, 
2. MTT: 5 mg in 1 ml water, 
3. PMS: 5 mg in 1 ml water, 
4. agar (2%): 15ml， 




n Subfamily Pomacanthinae 
|書 Genus Chaetodontoplus 
. | Appendix F 
f« 
\ Morphology and Color Pattern of the pomacanthid species 
黑 investigated in allozyme electrophoresis. I ^  _. •‘.， 
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卜 Plate A.1. Chaetodontoplus duboulayi (Gunther, 1867). 
'i Juvenile, standard length 77.8 mm.. 
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Plate A.2 Chaetodontoplus mesoleucus (Bloch, 1787). 
Juvenile, standard length 56.3 mm. 
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：I Subfamily Pomacanthinae 
‘“ Genus Pomacanthus 
% 
Subgenus Arusetta 
:5 Subgenus Emiphipops !‘ “ 
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I Plate A.3. Pomacanthus asfur (Forsskal, 1775). I Sub-adult, standard length 107.5 mm. 
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h — _ _ _ _ _ _ _ _ _ _ 
! • 丨 丨 J _ , 
I Plate A.4. Pomacanthus navarchus (Cuvier, 1831). 
^ Sub-adult, standard length 120.5 mm. 
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Plate A.5. Pomacanthus sexstriatus (Cuvier, 1831). 
Male specimen, standard length 295.0 mm. 
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Plate A.6. Pomacanthus xanthometopon (Bleeker, 1853). 
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i i Plate A.7. Pomacanthus annularis (Bloch, 1787). 
1 Juvenile, standard length 84.3 mm. 
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I Plate A.8. Pomacanthus semicirculatus (Cuvier, 1831). 
I Juvenile, standard length 92.5 mm. 






‘ Subgenus Pomacanthodes 
t i . 
• ^^
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Plate A.9. Pomacanthus imperator (Bloch, 1787). 
Post-juvenile specimen undergoing progressive 





I Plate A. 10. Pomacanthus zonipectus (Gill, 1862). 






I # Subfamily Pomacanthinae 
； 1 Genus Pomacanthus 
I f Subgenus Pomacanthus 
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Plate A.12. Pomacanthus paru (Bloch, 1787). 
1 Juvenile, standard length 74.5 mm. Juveniles of P. 
paru can be distinguished from that of P. arcuatus by 
having a yellow band encircling the caudal fin. 
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暴 Subfamily Holacanthinae 
I I —… 一 — Genus Apolemichtj^s 
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i ！ . ^ I ‘ \ I ‘ 1 i i-. -. ； - - . - . / : Plate A. 13 • Apolemichthys arcuatus (Gray, 1831). — ~~« 
: Adult specimen, standard length 124.8 mm. 
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Plate A. 14. Apolemichthys trimaculatus (Lacepede, in Cuvier, 1831). 






籠 Subfamily Holacanthinae 
« Genus Apolemichthys 
零 Genus Centropyge 
f : Subgenus Centropyge 
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^5 ss ^ 了 Plate A. 15. Apolemichthys xanthurus (Bennett, 1832). 
Sub-adult specimen, standard length 112.3 mm. 
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1 一 Plate A. 16. Centropyge bicolor (Bloch, 1787). Adult specimen, standard length 78.0 mm. 
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S| Plate A. 19. Centropyge nox (Bleeker, 1853). 
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專 m 1 Plate A.20. Centropyge tibicen (Cuvier, 1831). 
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Plate A.21. Centropyge vrolicki (Bleeker, 1853). 
I：, Aquarium photo, standard length ca. 60 mm. 
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^dtKKm^ ~~"^^^^^i^i^^^^^"*™"". « 丄 Plate A.22. Centropyge ferrugatus Randall and Burgess, 1972. : St ndard length 48.3 m . w . -m：.廉. i 251 =rA
- Subfamily Holacanthinae 
Genus Centropyge 
Subgenus Xiphipops 
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Plate A.23. Centropyge bispinosus (Giinther, 1860). 
Color morph from the Philippines (Pacific Ocean), 
standard length 49.5 mm. 
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Plate A.24. Centropyge bispinosus (Giinther, 1860). 
Color morph from Indonesia (Indian Ocean), standard 




5 Subfamily Holacanthinae 
1 Genus Centropyge 
•i Subgenus Xiphipops 
, 
吻 • 
； . ‘““‘ — 
L . . 卜 
I . 
^ ^ ^ 
^^ *^ PRN^ ^^ i^WIBBB^ ^^ ^^ ^^ ^^ ^^ ^^  
I I : 
I ： : i i � 
r： ‘ i 一 
r 1« ^ V 
^ ‘ I Plate A.25. Centropyge loriculus (Gunther, 1860). 
1 „ Standard length 57.3 mm. S ： '• '# 2 ‘ # 1 -
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j 墨 Plate A.26. Centropyge potteri Jordan and Metz, 1912. 
i 零 Standard length 53.8 mm. 
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Plate A.27. Genicanthus semifasciatus (Kamohara, 1934). 
F Male specimen, standard length 106.7 mm. 
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Plate A.28. Genicanthus semifasciatus (Kamohara, 1934). 
Female specimen, standard length 91.2 mm. 
B 





I Subfamily Holacanthinae 
f Genus Holacanthus 
I Subgenus Angelichthys 
: Subgenus Plitops 
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L^  Plate A.29. Holacanthus ciliaris (Linnaeus, 1758). 
I^  Standard length 103.3 mm. I! 
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； Plate A.30. Holacanthus passer Valenciennes, 1846. 
Standard length 138.8 mm. 
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Subfamily Holacanthinae 
Genus Holacanthus 
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1 Plate A.31. Holacanthus tricolor (Bloch, 1795). ‘， Standard length 88.3 mm. 
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r I Plate A.32. Holacanthus tricolor (Bloch, 1795) ("Brazilian" form). 
I This color morph is characterized by the deeper red margin of 
I the ventral fin and an additional red margin at the dorsal fin. 
£ Standard length 98.3 mm. 
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I Plate A.33. Holacanthus venustus Yasuda and Tominaga, 1969. 
‘+ Standard length 53.3 mm. 
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；: Plate A.34. Pygoplites diacanthus (Boddaert, 1772). 
:： Standard length 117.6 mm. 
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